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Abstract:  Three  sites  were  considered  as  alternative  locations  for  the  Ground 
Based  Free  Electron  Laser  Technology  Integration  Experiment.  All  three  sites 
are  located  completely  within  the  existing  boundaries  of  White  Sands  Missile 
Range,  New  Mexico.  The  EIS  contains  a  generic  description  of  the  facilities 
required  for  both  a  low  and  high  power  phase  of  testing  and  discusses  those 
impacts  associated  with  the  experiment  which  would  occur  at  each  site.  The 
EIS  also  identifies  impacts  to  cultural  resources,  vegetation,  wildlife  and 
groundwater  resources  associated  with  the  selection  of  any  site.  In  comparing 
all  these  differing  impacts  between  sites,  it  has  been  determined  that 
selection  of  the  Orogrande  site  would  have  the  least  environmental  impact  and 
is  not  anticipated  to  have  any  adverse  impacts  on  the  White  Sands  National 
Monument,  any  Federal  or  State  environmentally  sensitive  areas  or  any 
Federally  listed  threatened  or  endangered  species.  In  consideration  of  site 
specific  environmental  impacts,  estimated  construction  schedules  and  costs, 
experimental  and  operating  factors,  and  White  Sands  Missile  Range  program  and 
schedule  conflicts,  the  U.S.  Army  Strategic  Defense  Command  has  identified  the 
Orogrande  site  as  its  preferred  alternative. 

Deadline  for  receipt  of  comments:  2  March  1987 


SUMMARY  SHEET  FOR  FINAL  ENVIRONMENTAL  IMPACT  STATEMENT 


Ground  Based  Free  Electron  Laser  Technology  Integration  Experiment 
White  Sands  Missile  Range,  New  Mexico 


(  )  Draft  (  X  )  Final 


U.S.  Army  Corps  of  Engineers 
Fort  Worth  District 
P.O.  Box  17300 

Fort  Worth,  Texas  76102-0300 
ATTN:  SWFPL-R 


1.  Type  of  Action:  (  X  )  Administrative  Action 

(  )  Legislative  Action 

2.  Project  Description 

This  Environmental  Impact  Statement  was  prepared  by  the  U.S.  Army  Corps  of 
Engineers  in  response  to  a  request  from  the  proponent,  the  U.S.  Army  Strategic 
Defense  Command  under  the  authority  of  the  Strategic  Defense  Initiative 
Organization.  The  purpose  of  the  project  would  be  to  test  and  evaluate  the 
propagation  of  a  ground  based  free  electron  laser  beam  through  the  atmosphere 
to  diagnostic  targets  without  significant  reductions  in  the  beam's  quality  and 
energy  levels. 

The  proposed  project  would  be  located  at  one  of  three  sites  at  White  Sands 
Missile  Range,  New  Mexico.  The  site  west  of  the  Orogrande  Range  Camp  is  the 
proponent's  preferred  alternative.  The  proposed  project  would  be  conducted  in 
two  phases,  a  low  power  phase  and  a  high  power  phase.  Construction  of  the  low 
power  laser  facility  would  begin  in  early  1987  and  be  completed  within  two  to 
three  years.  Modification  of  this  facility  would  commence  in  the  early  1990s 
depending  upon  results  of  the  low  power  tests.  Up  to  2,000  personnel  would  be 
required  during  the  peak  construction  activities  assuming  phase  II  follows 
directly  after  phase  I;  250  to  500  workers  would  be  employed  during  the 
operational  phase. 

Approximately  280  tests  would  be  expected  to  be  conducted  in  a  typical  year; 
although  more  tests  may  be  required,  about  840  tests  per  year  would  be  the 
absolute  maximum  number  that  could  be  conducted.  These  tests  would  be 
conducted  at  various  times  during  the  day  and  night,  and  would  use  various 
ground,  air  and  space  targets.  Duration  of  each  test  would  be  a  maximum  of  60 
seconds.  Automatic  safety  mechanisms  would  abort  test  firings  of  the  laser  if 
any  object  greater  than  1.0  centimeter  in  diameter  is  detected  near  the  laser 
beam. 

Ancillary  facilities  that  may  be  required  to  support  the  test  and  evaluation 
program  include  industrial  and  domestic  wastewater  treatment  systems,  stand-by 
power  generation,  power  and/or  water  transmission  lines,  roads,  and  a  possible 
railroad  spur.  Power  generation  and/or  storage  devices  may  be  required  to 
meet  the  instantaneous  power  demands  during  the  second  phase. 


3.  Summary  of  Major  Environmental  Impacts 

Depending  upon  the  site  selected,  direct  adverse  environmental  impacts  would 
include  fugitive  dust  and  noise  during  construction  activities;  complete  loss 
of  2,600-3,000  acres  of  various  habitat  types,  primarily  mesqui te-sand  dunes, 
due  to  actual  facility  construction;  reduction  of  available  habitats  for  large 
mammals  (e.g.,  pronghorn  and  gemsbok)  of  about  15,500  to  17,200  acres;  and 
potential  disturbance  of  desert  bighorn  sheep,  Baird's  sparrow,  McCown's 
longspur  and  Swainson's  hawk.  Significant  effects  to  archeological/cultural 
resources  could  occur;  the  magnitude  of  these  effects  would  depend  upon  the 
site  selected  as  well  as  the  effectiveness  of  the  mitigation  plan  to  be 
developed.  Ambient  air  quality  would  return  to  pre-project  conditions  shortly 
after  cessation  of  construction  activities;  normal  operation  of  the  laser 
facility  would  not  significantly  affect  the  region's  ambient  air  quality. 

The  potential  impacts  associated  with  the  most  cost  effective  water  supply 
alternatives  at  each  site  has  been  identified.  An  aquifer  in  the  Soledad 
Canyon  area  would  be  developed  to  provide  the  water  supply  for  the  GBFEL-TIE 
at  the  Orogrande  site.  This  aquifer  is  expected  to  be  able  to  satisfy  the 
project  requirements  without  significant  detrimental  effects  to  the  aquifer. 
Withdrawal  from  aquifer(s)  south  of  the  Jornada  Reserve  Headquarters  for  the 
North  of  NASA  site  may  adversely  affect  ongoing  programs  at  the  Jornada 
Experimental  Range.  Withdrawal  of  water  from  the  Rio  Grande  alluvium  for  the 
Stallion  site  would  not  significantly  affect  local  users  or  wildlife  since  the 
water  would  be  replaced  by  water  from  the  San  Juan-Chama  Project. 

Indirect  effects  are  related  to  accidental  fires  or  spills  which  could  destroy 
additional  terrestrial  habitats,  as  well  as  cultural  resources.  Reductions  in 
the  prey  base  would  also  indirectly  affect  birds  of  prey,  some  snakes  and 
large  predators  (e.g.,  coyote,  gray  fox). 

The  major  beneficial  effect  would  be  increases  in  employment  and  income  in  the 
region.  Implementation  of  the  proposed  project  may  induce  economic 
development,  including  higher  land  values,  construction/renovation  of  schools 
and  recreational  facilities,  as  well  as  residential  and  commercial 
development.  The  magnitude  of  these  effects  would  depend  upon  the  actual 
number  of  workers  required  and  the  duration  of  the  construction  activities. 

Indirect  adverse  socioeconomic  effects  would  relate  to  increased  demands  on 
schools,  law  enforcement,  recreational  facilities,  and  the  emigration  of 
workers  from  the  region  after  completion  of  the  construction  activities. 
Gravity  and  allocation  models  as  well  as  discussions  with  officials  from 
affected  communities  indicate  that  the  local  communities  could  adequately 
accommodate  these  needs,  with  the  possible  exception  of  a  housing  deficit  in 
Socorro. 

Mitigation  measures  which  are  required  by  White  Sands  Missile  Range  and  those 
that  would  be  committed  to  the  proposed  project  are  discussed  in  Section  V, 
Mitigation  Measures. 

4.  Summary  of  Alternatives  Considered 

In  consideration  of  the  1972  Anti-Ballistic  Missile  Treaty  between  the  United 
States  and  the  Soviet  Union,  the  Ground  Based  Laser  project  would  be  located 
at  White  Sands  Missile  Range  (WSMR),  New  Mexico. 


Although  WSMR  is  a  large  area  (over  10,256  square  km),  the  range  is  already 
extensively  used.  Over  80  programs  of  the  Department  of  Defense  and  other 
government  agencies  presently  use  WSMR.  Existing  major  activities  and 
facilities  therefore  prevent  siting  of  the  laser  facility  in  certain  areas  of 
WSMR. 

Moreover,  not  all  of  the  land  area  within  WSMR  boundaries  is  freely  usable  for 
construction  of  major  new  facilities.  For  example,  the  White  Sands  National 
Monument  is  located  within  WSMR,  Therefore,  no  consideration  was  given  to 
siting  the  laser  facility  in  such  areas.  Of  the  remaining  portions  of  WSMR, 
many  areas  are  too  mountainous  for  the  proposed  facility. 

A  total  of  14  sites  on  WSMR  were  initially  selected  as  potential  locations  for 
the  laser  facility  and  were  rated  according  to  numerous  criteria.  Several  of 
these  sites  were  eliminated  from  further  consideration  due  to  inadequate  land 
area  with  the  required  terrain  features.  Several  others  were  eliminated  from 
further  consideration  because  of  their  proximity  to  gypsum  deposits  which 
could  severely  affect  the  laser's  optics  system.  Of  the  remaining  sites, 
three,  representing  the  reasonable  range  of  alternatives,  were  carried  forward 
for  detailed  evaluation. 

The  No  Action  alternative  would  preclude  all  adverse  and  beneficial 
environmental  and  economic  impacts. 

5.  Preferred  Alternative 

Orogrande  has  been  identified  as  the  environmentally  preferred  alternative  as 
well  as  the  USASDC's  recommended  site.  Some  habitat  disruption  at  the 
Stallion  site,  and  impacts  on  desert  bighorn  sheep  and  archeological  resources 
at  the  North  of  NASA  site  were  the  major  environmental  factors.  There  appears 
to  be  no  essential  difference  in  the  estimated  construction  costs  associated 
with  siting  the  experiment  at  any  of  the  three  sites.  The  history  of  seismic 
activity  in  the  Socorro  area  indicates  that  siting  the  experiment  at  Stallion 
could  cause  a  delay  in  gathering  experimental  data  due  to  the  necessity  to 
periodically  realign  and  calibrate  optical  equipment.  In  the  area  of  program 
and  schedule  conflicts  at  White  Sands,  substantially  higher  impacts  would 
accrue  to  existing  and  future  programs  at  the  Stallion  site  as  compared  to  the 
other  two  sites.  At  the  Stallion  site,  these  program  conflicts  affect  all 
three  military  services  and,  in  the  opinion  of  White  Sands  personnel,  would 
severely  limit  future  operational  capabilities  of  the  national  range  thereby 
making  Stallion  significantly  inferior  to  the  other  two  sites. 

The  final  site  decision  will  be  made  by  LTG  James  A.  Abrahamson,  Director, 
SDIO,  after  consideration  of  the  public  comments  to  the  U.S.  Army's 
recommendation . 

6.  Permits 

This  Final  EIS  was  prepared  in  accordance  with  and  is  in  compliance  with  the 
Council  on  Environmental  Quality's  (CEQ)  Regulations  for  Implementing  National 
Environmental  Policy  Act  (NEPA),  Army  Regulations  (AR)  200-2  (with  Change  No. 
1),  Fish  and  Wildlife  Coordination  Act,  the  National  Historic  Preservation  Act 
of  1966,  the  Endangered  Species  Act  of  1973,  the  Clean  Air  Act,  the  Clean 
Water  Act,  and  Executive  Orders  11988  and  11990.  The  permits  that  may  be 
required  for  various  project  components  are  provided  below;  some  of  these 
would  not  be  required  during  the  low  power  phase  but  may  be  required  during 
the  high  power  phase. 


Potential  Permit  Requirements  for  6BFEL-TIE 


Type  of  Permit  Process  Requiring  Permit 


PSD  (EPA) 
NESHAP  (EPA) 


Air  Quality  (State) 


Section  404  (CoE); 
Section  10  (CoE); 
401  Certification; 
(State) 


Any  process  (Power  generation)  generating  100  tons/ 
year  of  specified  pollutants 

Any  process  (mirror  coating,  static  firing  of  rocket 
motor  for  power  generation)  that  could  produce 
hazardous  emissions  (e.g.,  beryllium,  selenium, 
radionuclides) 

Any  of  processes  described  above;  need  to  apply  for 
each  emission  source  and  allow  state  to  provide  "no 
emission"  permit,  if  appropriate 

Required  only  if  pi  pel ines/power lines/roads  traverse 
wetlands  and/or  navigable  streams  (.e.g,  water 
withdrawal  from  Elephant  Butte  Reservoir) 


NPDES  (EPA) 

RCRA  (EPA)  and  State 
Solid  Wastes 

RCRA  (EPA) 

Hazardous  Wastes 

FERC 


New  sewage  lagoons 

New  landfills;  may  have  to  amend  WSMR's  permit  to 
accommodate  new  loadings  if  existing  landfill  is 
utilized 

For  generation,  disposal,  or  storage  (greater  than  90 
days)  of  hazardous  materials  (e.g.,  mirror  coating 
materials,  radioactive  materials,  hazardous  gases) 

Power  generation  plant;  transmission  lines, 
particularly  off-base,  may  require  permit 


Well  drilling  (State)  All  wells  drilled  in  the  State  of  New  Mexico  require; 

(1)  to  have  or  appropriate  water  rights;  and  (2)  a 
well  drilling  permit  from  the  State  Engineer 


ROW  Reservation  (BLM)  Distribution/Transmission  Lines,  pipelines,  other 

access  of  Public  Land  needs 


In  addition  to  the  formal  permits  above,  compliance  with  Water  Quality  Control 
Commissions  Regulations  will  be  required  including:  Section  1-201,  Notice  of 
Intent;  Section  1-202,  Filing  of  plans  and  specifications;  Section  1-203, 
Reporting  and  handling  of  spills  and  Approval  of  wastewater  discharge  plan; 
and  Part  4,  Utility  operator  certification. 


7.  Comments 


Copies  of  the  Final  EIS  have  been  sent  to  the  following  agencies  and 
organizations  as  well  as  interested  individuals. 

FEDERAL  AGENCIES 


U.S.  Environmental  Protection  Agency,  Region  VI 
U.S.  Department  of  the  Interior 

Fish  and  Wildlife  Service,  Region  II 
National  Park  Service 
U.S.  Geological  Survey 
Bureau  of  Indian  Affairs 
U.S.  Department  of  Agriculture 
U.S.  Forest  Service 
Soil  Conservation  Service 
U.S.  Army  Corps  of  Engineers 
Fort  Worth  District 
Albuquerque  District 
Southwestern  Division 
Huntsville  Division 
U.S.  Department  of  the  Army 
U.S.  Department  of  the  Air  Force 
U.S.  Department  of  the  Navy 
National  Aeronautics  and  Space  Administration 
U.S.  Department  of  Transportation 
Federal  Highway  Administration 
Federal  Aviation  Administration 
U.S.  Department  of  Housing  and  Urban  Development 
Advisory  Council  on  Historic  Preservation 
U.S.  Department  of  Health  and  Human  Services 
U.S.  Public  Health  Service 
U.S.  Department  of  Energy 

Federal  Energy  Regulatory  Commission 

NEW  MEXICO  STATE  AGENCIES 


Honorable  Garrey  Carruthers  (Governor,  New  Mexico) 
New  Mexico  State  Historic  Preservation  Office 
New  Mexico  Department  of  Game  and  Fish 
New  Mexico  Department  of  Health  and  Environment 
New  Mexico  Department  of  Parks  and  Recreation 
New  Mexico  Department  of  Transportation 
New  Mexico  Department  of  Agriculture 
New  Mexico  Office  of  the  State  Engineer 

TEXAS  STATE  AGENCIES 


Honorable  Bill  Clements  (Governor,  Texas) 


SENATORS  AND  REPRESENTATIVES 


Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 

Honorable 


Jeff  Bingamari  (U.S.  Senator,  New  Mexico) 

Pete  V.  Domenici  (U.S.  Senator,  New  Mexico) 

Lloyd  M.  Bentson,  Jr.  (U.S.  Senator,  Texas) 

Phil  Gramm  (U.S.  Senator,  Texas) 

Manuel  Lujan,  Jr.  (U.S.  Representative,  New  Mexico) 
Bill  Richardson  (U.S.  Representative,  New  Mexico) 

Joe  Skeen  (U.S.  Representative,  New  Mexico) 

Ronald  Coleman  (U.S.  Representative,  Texas) 

Harold  Foreman  (New  Mexico  State  Senator) 

Toots  Green  (New  Mexico  State  Representative) 
William  Vandergriff  (New  Mexico  State  Senator) 

Ike  Smalley  (New  Mexico  State  Senator) 

Fernando  Macias  (New  Mexico  State  Senator) 

James  L.  Martin  (New  Mexico  State  Senator) 

Ellen  Lively  Steele  (New  Mexico  State  Senator) 
Maurice  Hobson  (New  Mexico  State  Representative) 
Larry  Scheffield  (New  Mexico  State  Representative) 
Ruben  A.  Smith  (New  Mexico  State  Representative) 
Leonard  Scheffield  (New  Mexico  State  Representative) 
J.  Paul  Taylor  (New  Mexico  State  Representative) 
Ralph  Hartman  (New  Mexico  State  Representative) 

Mary  Thompson- (New  Mexico  State  Representative) 

G. X.  McSherry  (New  Mexico  State  Representative) 

H.  Tati  Santiesteban  (Texas  State  Senator) 

Nancy  McDonald  (Texas  State  Senator) 

Jack  Vowel  1  (Texas  State  Senator) 

Arves  Jones  (Texas  State  Representative) 

Paul  Moreno  (Texas  State  Representative) 

Nick  Perez  (Texas  State  Representative) 

Bill  Sims  (Texas  State  Representative) 

LOCAL  ORGANIZATIONS 


Sierra  Club 

National  Wildlife  Federation 
National  Audubon  Society 
Environmental  Defense  Fund 
New  Mexico  State  Heritage  Program 
El  Paso  Chamber  of  Commerce 
Las  Cruces  Chamber  of  Commerce 
Alamogordo  Chamber  of  Commerce 
Socorro  Chamber  of  Commerce 
Albuquerque  Chamber  of  Commerce 

8.  EIS  Milestones 

The  Draft  EIS  was  filed  with  the  U.S.  Environmental  Protection  Agency  (EPA)  on 
23  September  1986.  A  Notice  of  Availability  was  published  in  the  Federal 
Register  on  3  October  1986,  which  began  the  45-day  public  review  and  comment 
period.  Comments  on  the  Draft  EIS  were  accepted  until  21  November  1986,  or 
made  orally  at  the  public  hearings.  Responses  to  these  comments  are  presented 
in  Section  VI,  Public  Involvement,  of  the  FEIS. 
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PURPOSE  AND  NEED 


I. 


PURPOSE  AND  NEED 
A.  Introduction 


The  U.S.  Army  Strategic  Defense  Command  (USASDC)  is  proposing  to  construct  and 
operate  a  Ground  Based  Free  Electron  Laser  Technology  Integration  Experiment 
(GBFEL-TIE)  at  White  Sands  Missile  Range,  New  Mexico.  The  proposed  GBFEL-TIE 
would  be  divided  into  two  stages  (i.e.,  low  power  and  high  power  phases).  The 
purpose  of  this  document  is  to  assist  in  the  selection  of  a  site  which  would 
be  used  for  both  phases.  Like  many  large  military  projects,  the  GBFE' -TIE 
will  require  a  sequence  of  decisions,  with  the  results  of  the  early  decisions 
providing  input  for  the  later  decisions.  In  this  project,  the  initial 
decision  is  the  selection  of  the  optimum  site  for  the  facility;  once  that 
decision  is  made,  then  informed  site-specific  design  choices  can  be  made,  such 
as  the  optimum  choices  regarding  electrical  power  and  other  utilities.  After 
the  results  from  the  initial  (low  power)  experiments  are  available,  informed 
choices  can  be  rridde  on  the  detailed  design  of  the  high  power  experiments. 
Therefore,  a  "tiered"  environmental  analysis  approach  has  been  adopted  as 
allowed  by  the  Council  on  Environmental  Quality's  regulations  for  situations 
such  as  this  (40  CFR  1502.20).  The  initial  tier,  represented  by  this  EIS 
provides  input  to  the  site  selection  decision,  which  will  not  be  finalized 
until  this  EIS  is  completed.  In  order  to  provide  for  an  adequately  informed 
decision,  this  EIS  compares  the  potential  environmental  impacts  of  both 
project  phases  at  each  of  three  alternative  sites.  As  part  of  the  comparison 
of  the  three  sites,  the  potential  impacts  of  various  utility  and  road  access 
corridors  at  the  three  sites  are  also  compared.  Once  the  site  selection  has 
been  made,  however,  a  second  "tier"  of  environmental  analysis,  along  with  more 
detailed  design  engineering  work,  will  focus  on  those  project  aspects  which 
are  then  ripe  for  decisions,  such  as  identifying  the  optimum  utility  and 
access  alignments  at  the  selected  site. 

B.  Background 

White  Sands  Missile  Range  (WSMR)  is  located  in  south  central  New  Mexico 
approximately  45  miles  north  of  El  Paso,  Texas  and  20  miles  east  of  las 
Cruces,  New  Mexico.  WSMR  encompasses  about  4,000  square  miles  (i.e.,  100 
miles  long  x  40  miles  wide)  and  is  oriented  in  a  north-south  direction  (Figure 
I-IJ.  Tne  range  was  established  in  1945  as  White  Sands  Proving  Ground,  but 
was  later  (1958)  renamed  White  Sands  Missile  Range(l). 

WSMR  supports  test  and  development  programs  for  the  Army,  Navy,  Air  Force 
Holin'*  of  Defense  (DOD)  agencies.  NASA  and  foreign  governments. 

WSMR  presently  supports  over  80  such  programs  which  include  research  and 
development  of  defense  systems  as  well  as  limited  field  training  exercises. 
Contained  within  the  WSMR  boundary  are  the  White  Sands  National  Monument  and 
the  San  Andres  National  Wildlife  Refuge  (NWR),  both  of  which  are  operated  by 
the  U.S.  Department  of  the  Interior.  A  portion  of  the  Jornada  Experimental 
Range,  operated  by  the  U.S.  Department  of  Agriculture,  is  co-used  with  WSMR 
(Figure  1-2). 


C.  Purpose  and  Need 
1 .  Need 

The  President's  Strategic  Defense  Initiative  (SDI)  is  an  extensive  research 
program  that  investigates  potential  strategic  defense  technologies  that  would 
intercept  and  destroy  enemy  missiles.  The  proposed  project  is  one  experiment 
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contained  in  the  overall  SDI  program.  Successful  results  from  the  GBFEL-TIE 
would  be  used  to  develop  laser  technologies  for  potential  use  in  future 
defense  systems.  These  and  other  similar  experiments  will  provide  data  to  a 
future  Congress  and  a  future  President  to  assist  in  a  decision  as  to  the 
feasibility  of  a  strategic  defense. 

2.  Purpose 

The  term  laser  is  an  acronym  for  Light  Amplification  by  Stimulated  Emission  of 
Radiation.  Because  light  energies  produced  by  laser  devices  travel  at  nearly 
uniform  frequencies  and  wavelengths,  the  beam  remains  uniform  for  long 
distances  and  can  be  focused  onto  a  specific  point  with  enormous  intensity. 

Generally,  lasers  contain  a  material  (e.g.,  crystal,  liquid,  or  gas)  which  is 
excited  to  an  altered  state,  causing  the  material  to  emit  particles  of  light 
(i.e.,  photons).  However,  in  order  to  achieve  the  high  power  desired  for  the 
proposed  experiments,  a  free  electron  laser  (FED  is  required,  which  produces 
photons  by  manipulating  electrons  rather  than  exciting  a  crystal  or  other 
material.  FELs  work  by  decelerating  pulses  of  electrons  in  the  presence  of  an 
intense  beam  of  light.  As  the  electrons  are  decelerated,  they  lose  energy  in 
the  form  of  photons.  These  energies  are  transferred  to  the  existing  beam  of 
light,  thereby  increasing  its  intensity. 

The  GBFEL-TIE  would  demonstrate  the  generation  and  control  of  the  propagation 
of  a  laser  beam  in  the  near  infrared  spectrum  with  extremely  high  energies(2). 

The  ultimate  objective  of  this  project  is  to  successfully  demonstrate  that  a 
short  wavelength,  high  energy  laser  beam  can  be  propagated  from  a  ground  based 
facility  and  then  directed  through  the  atmosphere  to  diagnostic  test  targets 
without  significant  reductions  in  the  beam  quality  and  energy  levels.  Three 
interim  technical  goals  would  be  achieved  in  order  to  meet  this  objective. 
These  goals  are  discussed  in  more  detail  in  the  following  paragraphs. 

a.  Goal  1.  Develop  an  Understanding 
of  Atmospheric  and  Laser  Physics 

Three  atmospheric  conditions  which  present  problems  in  designing  and  operating 
ground  based  laser  systems  are:  (1)  atmospheric  turbulence,  (2)  thermal 
blooming  and  (3)  Stimulated  Raman  Scattering  (SRS).  These  effects  can  be 
either  beneficial  or  adverse  depending  upon  the  laser's  energy  levels, 
wavelength,  or  pulse  length.  The  combined  relationship  of  these  three 
phenomena  is  not  well  understood  and,  in  some  cases,  the  individual  effect  is 
not  completely  understood. 

Atmospheric  turbulence  is  controlled  by  wind,  temperature,  humidity  and  many 
other  factors.  Turbulence  effects  on  a  propagating  laser  beam  are  presently 
difficult  to  predict,  but  they  are  known  for  certain  to  have  a  strong  effect 
on  the  laser's  energy  as  it  passes  through  the  atmosphere. 

Thermal  blooming  is  the  rapid  heating  of  the  air  due  to  the  deposition  of 
laser  energy  during  propagation.  Thermal  blooming  could  redirect  some  of  the 
laser's  energy  away  from  the  desired  path.  This  effect  is  also  presently 
difficult  to  correct  because  the  corrective  measures  may  cause  more  heating  in 
different  strata  of  the  air  which,  in  turn,  may  cause  aberrations  that  would 
require  further  corrections. 
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stimulated  Raman  Scattering  (SRS)  is  produced  when  energy  from  the  laser  beam 
is  absorbed  by  the  atoms  in  the  air  and  re-radiated  in  several  wavelengths  and 
directions.  The  amount  of  scattering  is  dependent  upon  the  absorbing  medium, 
as  well  as  the  intensity  and  wavelength  of  the  laser  beam. 

The  first  interim  goal  would  be  to  develop  a  better  understanding  of  the  ways 
these  phenomena  affect  propagation  of  the  laser  beam. 

b.  Goal  2.  Develop  and  Refine 
Technology  for  Adaptive  Optics 

Optics  (e.g.,  mirrors,  lens,  telescopes,  etc.)  and  sensors  would  be 
incorporated  to  the  GBFEL-TIE  to  determine  the  atmospheric  degradation  effects 
on  the  laser  beam  prior  to  directing  the  beam  through  the  atmosphere  and  to 
compensate  or  adjust  the  beam  to  overcome  these  effects.  The  proposed 
GBFEL-TIE  would  develop  and  refine  adaptive  optic  components  and  methodologies 
required  to  adequately  correct  or  adjust  the  beam.  Specifically,  technologies 
would  be  investigated  in  the  areas  of  deformable  mirrors,  wave  front  sensing, 
and  control  systems  that  would  be  able  to  withstand  extreme  energies  and 
rapidly  provide  the  required  adjustments. 

c.  Goal  3.  Develop  and  Refine  Technology 
for  High  Power  Laser  Systems 

Turbulence,  thermal  blooming  and  other  associated  factors  described  above 
affect  only  high  power  lasers;  thus,  a  high  power  laser  is  required  to 
investigate  these  and  other  potential  effects. 

Results  from  this  experiment  would  provide  an  indication  of  the  physical, 
economic  and  technical  limitations  of  a  ground  based  laser  concept.  In 
addition,  designs  and  construction  techniques  could  be  further  refined. 

D.  Project  Description 

1.  Project  Location 

Three  sites  were  considered  as  potential  locations  for  the  proposed  laser 
facility:  (1)  north  of  the  NASA  White  Sands  Test  Facility,  (2)  south  of  the 
Stallion  Range  Camp  and  (3)  west  of  the  Orogrande  Range  Camp.  These  sites  are 
located  within  the  boundaries  of  WSMR  as  depicted  in  Figure  1-3.  The  sites 
were  selected  from  a  total  of  14  potential  sites.  The  criteria  used  in  this 
selection  process  are  discussed  in  the  following  section.  Comparison  of 
Alternatives.  The  proposed  laser  facility  and  associated  security  areas, 
ancillary  structures,  etc.  would  generally  encompass  an  area  approximately  3.2 
km  wide  and  16  km  long.  A  ground  target  range  would  require  an  additional 
area  of  about  8.8  km  x  2.0  km.  The  orientation  of  the  facilities  at  each 
potential  site  is  illustrated  in  Figures  1-4,  1-5  and  1-6,  respectively. 

2.  Project  Schedule 

The  GBFEL-TIE  is  presently  scheduled  to  commence  construction  by  mid-1987. 
Construction  is  anticipated  to  require  two  to  three  years  for  Phase  I,  and 
approximately  four  years  for  Phase  II.  The  experiments  would  begin  in  the 
early  1990s.  The  experiments  would  be  divided  into  low  power  and  high  power 
phases,  as  described  below.  Figure  1-7  illustrates  the  proposed  schedule  for 
construction  and  operation  of  the  GBFEL-TIE. 
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Figure  1-3.  Location  of  Alternative  Sites  for  Proposed  Laser  System. 
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Figure  1-4.  6BFEL-TIE  Facility  Orientation  at  Stallion  Candidate  Site. 
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Figure  1-5.  GBFEL-TIE  Facility  Orientation  at  Ncirth  of , NASA  Candidate  Site, 
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a.  Low  Power 

The  goal  of  the  first  phase  of  the  proposed  program  would  be  to  accomplish 
initial  "uplink"  experiments;  that  is,  directing  the  beam  to  an  atmospheric 
test  platform  to  measure  and  demonstrate  the  laser's  capabilities. 
Experiments  would  be  conducted  during  this  phase  to  investigate  solutions  to 
key  atmospheric  effects  such  as  turbulence,  thermal  blooming  and  SRS.  This 
phase  would  also  investigate  the  concerns  associated  with  mirrors  and  optics 
technology,  pulse  duration,  as  well  as  control  of  the  adaptive  optics 
components.  The  results  of  these  tests  would  be  used  to  determine  the  need 
for  and  potentially  guide  the  development  of  the  second,  high  power  phase  of 
the  experiment. 


b.  High  Power 

The  second  phase  in  the  proposed  GBFEL-TIE  program  would  demonstrate  high 
power  atmospheric  propagation  of  the  laser  beam.  The  existing  low  power  laser 
facilities  would  be  upgraded  to  meet  the  requirements  of  the  high  power 
experiment.  A  larger  beam  director  would  be  developed  and  incorporated  to 
provide  optics  compatible  with  the  higher  power  laser.  The  beam  control 
system  would  also  be  scaled  and  upgraded  to  accommodate  the  higher  energies 
and  greater  number  of  control  subapertures  needed  for  atmospheric  correction 
of  the  new  system.  A  new  high  power  beam  control  facility  would  be 
constructed  to  house  the  new  beam  director  and  beam  train  consistent  with  the 
overall  GBFEL-TIE  facility  design.  These  components  of  the  laser  system  are 
described  in  detail  under  Laser  Description. 

The  principal  experiment  to  be  conducted  during  this  testing  phase  would  be 
the  demonstration  of  all  the  functions  and  equipment  required  to  produce  and 
successfully  propagate  a  high  power  laser  beam  through  a  turbulent  atmosphere 
to  a  specified  target.  While  this  EIS  identifies  and  evaluates  the  impacts  of 
both  phases  in  as  much  detail  as  the  present  state  of  project  design  allows, 
environmental  analyses  will  be  a  continuing  effort  during  the  design  of  the 
high  power  phase.  Appropriate  additional  environmental  documentation  will  be 
prepared  to  assist  decision  making  regarding  Phase  II. 

3.  Laser  Description 

An  artist's  conception  of  the  layout  of  the  GBFEL-TIE  is  presented  in  Figure 
1-8.  The  facility  can  be  divided  into  two  major  components,  the  laser  and  the 
beam  control  system.  The  laser  is  further  divided  into  five  subcomponents: 

(1)  electron  injector,  (2)  linear  accelerator,  (3)  wiggler,  (4)  energy 
recovery/electron  beam  dump  and  (5)  resonator/diffraction  tunnel.  The  beam 
control  system  consists  of  the  adaptive  optics  and  beam  director.  Each  of 
these  subcomponents  is  described  in  detail  in  the  following  paragraphs. 

a.  Electron  Injector 

The  electron  injector  provides  free  electrons  to  the  laser  system  by  driving 
electrons  from  a  hot  plate  called  a  cathode.  A  high  voltage  pulse  heats  the 
cathode.  At  the  same  time  the  cathode  is  charged,  another  plate  called  the 
anode  is  also  pulsed  with  a  high  voltage.  The  anode  attracts  the  electrons 
from  the  cathode,  causing  the  electrons  to  discharge.  This  discharge  of 
electrons  is  then  focused  into  a  beam  using  magnets.  The  beam  exits  the 
injector  and  enters  the  linear  accelerator. 
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Artist's  Conception  of  GBFEL-TIE  Facility^ 


b.  linear  Accelerator 


There  are  two  types  of  accelerators  which  are  being  considered  for  use  in  the 
GBFEL-TIE  --  a  radio  frequency  linear  accelerator  and  an  induction  linear 
accelerator.  The  two  types  produce  different  effects  for  a  few  parameters,  as 
highlighted  below  under  the  individual  descriptions  of  the  two  types  of 
accelerators. 


(1)  Radio  Frequency  linear  Accelerator 

In  the  Radio  Frequency  linear  accelerator  (RF  linac)  radio  frequency 
electromagnetic  fields  are  applied  to  a  specially  designed  cavity.  These 
electromagnetic  fields  interact  with  pulsed  bunches  of  electrons  from  the 
injector  resulting  in  acceleration  and  focusing  of  the  electrons  through  the 
cavity.  By  putting  many  of  these  cavities  in  line  the  process  can  be  repeated 
and  additional  velocity  added  to  the  electron  beam. 

RF  linacs  provide  a  small  beam  current  when  compared  to  the  Induction  linear 
Accelerators,  but  it  is  a  steady  stream  (there  are  many  hundreds  of  millions 
of  short  pulses  one  billionth  of  a  second  long).  This  produces  a  low  gain 
laser  and  requires  the  use  of  an  optical  resonator  (mirrors)  to  increase  the 
laser  power. 

The  resonator  is  a  feedback  system  which  increases  the  intensity  of  the  beam 
produced  in  the  RF  linac.  The  beam  output  of  the  wiggler  (described  later)  is 
directed  by  parabolic  and  hyperbolic  mirrors  back  to  the  input  of  the  wiggler, 
at  the  end  of  the  RF  linac.  The  “feedback"  beam  reenters  the  wiggler  along 
with  the  next  pulse  of  electrons  from  the  RF  linac.  At  each  pass  more  energy 
in  the  form  of  photons  would  be  added.  The  result  would  be  a  high  intensity 
output  beam.  . 


(2)  Induction  Linear  Accelerator 

The  Induction  linear  accelerator  (Induction  linac)  receives  its  electrons  from 
the  electron  injector  and  proceeds  to  increase  the  electrons'  velocity.  A 
series  of  electrical  magnets  which  lie  in  a  special  cavity  (i.e.,  cell)  pull 
the  electrons  through  the  accelerator  tunnel,  increasing  the  electrons' 
velocity  as  they  travel  down  the  cell.  Prior  to  the  electrons  entering  the 
cell,  the  magnets  are  turned  on  to  produce  electromagnetic  fields.  At  the 
moment  the  electrons  enter  the  cell,  a  high  voltage  generated  by  specially 
designed  pulse  transformers  is  applied  across  the  cell.  At  first,  the  high 
magnetic  fields  prevent  a  large  electron  beam  current  from  flowing.  While  the 
voltage  is  still  impressed  across  the  cell,  the  magnetic  field  is  reduced, 
causing  the  beam  current  to  increase.  When  the  fields  are  at  a  minimum,  the 
electron  beam  attains  its  highest  acceleration.  By  aligning  many  of  these 
cells  into  modules  and  providing  variable  voltages  at  the  right  time,  the  beam 
of  electrons  increases  its  velocity  as  it  travels  through  the  accelerator. 

In  addition  to  the  magnets  whose  fields  vary  with  time,  static  magnets  are 
located  along  the  accelerator  length  to  guide  the  beam  from  one  cell  to  the 
next. 

A  master  oscil lator /power  amplifier  (MOPA)  is  situated  at  the  end  of  the 
Induction  linac  and  is  used  to  increase  the  intensity  of  the  laser  beam.  The 
MOPA  is  a  relatively  small  laser  whose  light  is  amplified  in  the  wiggler. 
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The  beam  of  light  from  the  master  oscillator  is  mixed  with  the  electron  beam 
from  the  Induction  linac  before  they  enter  the  wiggler.  The  photon  energy 
produced  by  the  electron  beam  adds  to  the  photon  stream  as  they  both  travel 
through  the  wiggler.  Thus,  the  net  effect  is  the  intense  light  beam  at  the 
output  of  the  wiggler,  discussed  below. 

c.  Wiggler 

In  order  to  release  radiation  (light)  from  the  beam  of  electrons,  it  is 
necessary  to  perturb  their  motion.  The  accelerated  electrons  enter  a  device 
called  a  wiggler  (or  undulator)  where  magnets  cause  the  electrons  to  move  back 
and  forth  (i.e.,  wiggle).  This  transverse  movement  causes  the  electrons  to 
lose  energy  in  the  form  of  photons.  The  wavelength  (color)  and  efficiency  of 
the  electron  energy  conversion  can  be  controlled  by  manipulating  strength  and 
spatial  period  of  the  magnetic  field. 

d.  The  Electron  Beam  Dump 

The  output  beam  exiting  the  wiggler  is  a  mixture  of  electrons  and  photons. 

The  beam  directed  through  the  atmosphere  must  consist  of  only  photons;  thus, 
the  electrons  in  the  beam  must  be  removed.  These  electrons  are  separated  out 
by  bending  magnets  and  routed  down  a  short  tunnel  under  vacuum  to  the  electron 
beam  dump.  The  beam  dump  will  be  encased  in  concrete  and  consist  of  a  heavy 
block  of  material  such  as  graphite  or  lead  which  can  handle  the  heat  caused  by 
the  bombarding  electrons.  The  designs  proposed  for  electron  beam  dumps 
consist  of  large  cylindrical  steel  or  aluminum  tanks.  The  tank  is  attached  to 
the  beam  transport  tube  by  a  vacuum  tight  flange  at  one  end.  It  is  isolated 
from  the  vacuum  in  the  laser  and  electron  beam  tube  by  a  thin  sheet  of 
beryllium.  Typical  beam  dump  dimensions  depend  on  the  amount  of  energy  which 
must  be  absorbed  and  can  range  to  10  or  more  feet  in  diameter  with  lengths  of 
15  or  more  feet.  Inside  the  tank,  on  the  other  side  of  the  beryllium  window 
is  the  electron  energy  absorption  material,  typically  sheets  of  graphite 
several  inches  thick  and  thin  sheets  of  aluminum  which  separate  the  graphite 
sheet  from  water  which  flows  around  each  layer  of  aluminum  clad  graphite.  The 
water  cools  the  graphite  blocks. 

The  beam  dump  is  mounted  off  to  the  side  of  the  accelerator.  This  location 
may  be  a  room  with  added  shielding  and  will  contain  the  beam  dump  cooling 
water  circulation  system.  This  cooling  system  is  a  closed  loop  system  with 
filter  and  ion  exchange  resins  to  remove  any  material  dissolved  in  the  water. 
These  resins  become  radioactive  after  a  time  because  of  the  radioactive 
components  produced  in  the  beam  dump.  The  room  around  the  beam  dump  must  be 
large  enough  for  maintenance  and  must  have  adequate  space  to  remove  the  beam 
dump  if  this  ever  becomes  necessary.  The  electron  beam  energies  are  absorbed 
by  the  dump.  In  some  applications  (i.e.,  RF  linac)  the  electron  beam  energy 
is  recovered  and  reused  for  an  increase  in  laser  efficiency.  The  remaining 
photon  beam  then  passes  through  to  the  diffraction  tunnel  discussed  below. 

e.  Diffraction  Tunnel 

The  beam  leaving  the  wiggler  of  the  induction  type  laser  is  no  larger  than  the 
diameter  of  a  pencil.  In  order  to  produce  a  safe  energy  density  on  the 
optics,  the  beam's  diameter  would  be  enlarged  by  allowing  it  to  naturally 
expand  through  a  long  shielded  diffraction  tunnel.  The  induction  linac  would 
require  a  diffraction  tunnel  approximately  five  km  long  and  approximately  two 
meters  in  diameter.  The  beam  tube  in  the  tunnel  would  be  operated  in  a 
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vacuum.  Access  points  for  maintenance/repair  of  the  tunnel  would  also  be 
constructed  at  various  locations  along  the  diffraction  tunnel.  The  RF  linac 
would  not  require  a  diffraction  tunnel  since  it  uses  a  resonator  which 
produces  a  beam  with  a  larger  diameter. 

f.  Adaptive  Optics 

Adaptive  optics  are  required  in  order  to  correct  for  atmospheric  effects 
(e.g.,  turbulence,  thermal  blooming,  etc.).  The  adaptive  optics  correct  the 
beam  by  changing  the  laser's  light  to  have  properties  opposite  to  the 
distortions  the  air  would  have  on  the  beam.  In  optical  terms  this  is  called 
"phase  conjugation". 

To  make  these  corrections,  the  Adaptive  Optics  System  measures  the  distortion 
in  the  path  between  it  and  the  target,  such  as  a  rocket,  using  the  light  from 
a  beacon  (Figures  1-9  and  I-IO).  The  beacon  light  which  travels  down  the  beam 
path  is  received  at  the  laser  and  the  distortion  caused  by  its  trip  is 
measured  with  a  wave  front  sensor.  A  computer  calculates  the  reverse  of  these 
distortions  and  gives  commands  to  a  mirror  which  can  change  its  shape  (i.e., 
deformable).  When  the  laser  light  reflects  off  the  deformable  mirror  it  picks 
up  the  reverse  distortions  it  will  encounter  on  its  trip  through  the 
atmosphere.  As  the  laser  beam  goes  through  the  atmospheric  distortions,  its 
reverse  distortions  are  removed  and  the  beam  emerges  at  the  top  of  the 
atmosphere  with  the  greatest  amount  of ‘ coherence. 

g.  Beam  Director 

The  beam  director  contains  the  mirrors  and  lenses  which  receive  the  laser  beam 
from  the  adaptive  optics  and  transmit  the  beam  to  air,  ground,  or  space 
diagnostic  targets.  The  beam  director  for  the  low  power  experiment  is  a  few 
meters  in  diameter,  but  the  diameter  of  the  high  power  beam  director  may  be 
several  times  larger. 

4.  Test  Scheduling 

It  is  anticipated  that  one  to  two  tests  per  day  would  be  conducted;  however,  a 
maximum  of  six  per  day  may  be  performed  with  a  maximum  of  about  840  tests  per 
year.  Duration  of  laser  beam  generation  for  each  test  would  be  no  more  than 
60  seconds.  Each  test  series  may  require  up  to  two  weeks,  followed  by  an 
analysis  period  during  which  time  the  results  of  each  test  would  be  analyzed 
and  any  maintenance  and/or  adjustments  to  the  system  would  be  performed.  This 
analysis  period  would  require  from  one  to  six  weeks.  The  actual  number  of 
test  series  conducted  each  year  would  depend  upon  climatic  conditions,  the 
ability  of  the  beam  control  system  mirrors  to  withstand  the  intense  energies, 
and  results  from  previous  tests  which  could  indicate  that  system 
adjustments/modifications  are  required.  However,  it  is  presently  anticipated 
that  five  to  10  test  series  would  be  conducted  within  a  typical  year 
(approximately  280  tests  per  year). 

5.  Diagnostic  Targets 

The  proposed  6BFEL-TIE  would  utilize  diagnostic  targets  at  ground  level  and 
subsequently,  airborne  and  space  orbiting  targets.  Each  of  the  target  types 
is  discussed  below. 
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Figure  1=9,  The  Beam  Control  System. 
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lEAM  CONTROL  W/ ADAPTIVE  OPTICS 


Figure  1-10.  The  Adaptive  Optics, 
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a.  Ground  Targets 

During  tests  reguiring  ground  targets,  the  beam  director  would  aim  the  laser 
beam  horizontally.  The  ground  target  test  range  would  occupy  an  area  of  about 
2  X  9  km,  which  would  contain  several  beam  receiver  (target)  sites  located  at 
various  distances  from  the  beam  director.  Each  receiver  site  would  contain  a 
target  board  and  a  backstop  to  prevent  emission  of  stray  light  beyond  the 
receiver  site.  The  target  boards  would  be  mounted  to  a  stationary  test  stand. 

The  backstop  and  large  sections  of  the  target  boards  would  consist  of  a 
material  such  as  carbon  cloth  or  graphite  blocks.  These  structures  would 
absorb  the  beam  energy  and  convert  it  to  heat.  A  building  would  be 
constructed  around  each  target  to  contain  any  energy  scattered  by  the  targets. 
An  aperture  in  the  face  of  this  building  would  be  large  enough  to  collect  99.9 
percent  of  the  beam;  the  remainder  would  be  absorbed  by  the  face  of  the 
building.  The  depth  of  the  building  would  be  designed  to  prevent  99.9  percent 
of  the  scattered  light  from  the  target  or  backstops  from  exiting  the  building. 
The  small  amount  of  scattered  energy  that  escapes  the  building  would  be  well 
below  the  maximum  permissible  exposure  threshold  for  eye  safety  outside  the 
one  km  safety  zone.  The  entire  test  range  would  be  surrounded  by  a  fence. 

The  GBFEL-TIE  laser  beam  would  produce  only  thermal  effects,  and  no  residual 
ionizing  radiation  or  ionization  to  the  ground  targets,  backstops,  or 
surrounding  air  would  be  expected.  Disposal  of  target  boards  or  other 
equipment  damaged  by  overheating  would  be  conducted  in  accordance  with  the 
approved  solid  waste  plan. 

b.  Airborne  Targets 

Airborne  targets  may  utilize  balloons,  drones,  or  small  probe  rockets.  The 
probe  rockets  would  have  a  beacon  pointed  toward  the  GBFEL-TIE  site.  The 
rocket  would  have  a  line  array  of  detectors  down  its  side  to  measure  the  beam 
intensity.  The  target  board  would  be  pointed  at  the  GBFEL-TIE  by  the  inertial 
navigation  system  of  the  rocket.  The  target  board  payload  would  be  recovered 
by  parachute  after  the  test.  The  GBFEL-TIE  would  fire  only  when  the  rocket  is 
above  an  angle  of  45  degrees  to  the  local  horizon.  Many  of  these  tests  would 
be  conducted  with  the  GBFEL-TIE  at  less  than  full  power  to  prevent  damage  to 
the  recoverable  payload. 

Each  test  would  be  scheduled  through  WSMR's  National  Range  (NR)  Directorate  to 
insure  that  proper  airspace  restrictions  are  implemented.  In  addition,  launch 
sites  and  impact- areas  would  be  coordinated  through  and  approved  by  NR,  as 
well  as  the  systems  designed  to  terminate  or  recover  airborne  targets. 

c.  Space  Targets 

The  space  target  would  consist  of  a  circular  target  board  mounted  onto  a 
satellite  or  a  large  flat  carbon  cloth  plate  mounted  on  the  end  of  a  boom 
projecting  from  a  satellite.  The  satellite  would  orbit  at  an  altitude  of  300 
to  500  km  with  an  orbital  inclination  of  35  to  40  degrees.  As  in  the  case  of 
the  airborne  targets,  airspace  would  be  restricted  and  controlled  through  WSMR 
NR.  The  beam  would  leave  the  controlled  airspace  at  a  minimum  altitude  of 
60,000  feet  above  mean  sea  level  (MSL). 
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6.  Test  Sequence 


The  proposed  test  sequence  would  begin  with  numerous  system  checks  conducted 
on  various  components  to  assure  that  all  safety,  communication,  thermal, 
mechanical  and  electrical  elements  are  operating  properly.  Once  the  system 
checkout  is  completed,  ground  target  tests  would  commence  at  less  than  full 
power  and  increase  in  a  series  of  steps  during  subsequent  tests  as  the  ability 
of  the  optics  to  correct  for  atmospheric  aberrations  and  control  of  the  beam 
energies  improves.  Ground  testing  and  the  necessary  refinements  of  the 
adaptive  optics  and  beam  director  could  require  six  to  eight  months. 

Upon  successful  completion  of  the  ground  target  tests,  the  airborne  target 

test  series  would  start.  These  series  would  initially  consist  of 

demonstrating  the  beam  director's  ability  to  passively  track  (i.e.,  no  PEL 

beam  energy)  a  slow  moving,  airborne  target  (e.g.,  balloon,  remote  controlled 
drone,  etc.).  Once  this  ability  is  successfully  demonstrated,  the  test  series 
would  begin  to  evaluate  the  ability  to  actively  track  various  target  types 
with  a  low  power  level  beam  and  progressively  increase  the  beam  energy  levels 
as  well  as  the  target's  speeds  and  distances  through  sequential  successful 
tests.  Airborne  targets  are  not  presently  expected  to  contain  live  munitions 
or  explosives. 

The  final  test  series  would  utilize  space  satellite  targets  to  measure  and 
evaluate  the  equipment  performance.  Ground  targets  would  first  be  used  to 
check  various  components  and  subsystems  immediately  prior  to  satellite 
flyover.  During  the  first  few  passes  of  the  satellite,  the  beam  director 
would  only  passively  track  the  target  and  then  begin  to  illuminate  it  with  a 
low  energy  laser  beam.  The  power  of  the  beam  would  be  increased  in  a  step 
series  as  each  sequential  test  successfully  demonstrated  the  ability  to 
propagate  the  beam  through  the  atmosphere. 

7.  Power  Requirements 

Power  requirements  for  base  facility  load  and  pre-test  conditions  would  be 
approximately  60-100  megawatts  for  both  the  low  and  high  power  phases.  This 
base  load  would  be  provided  from  the  existing  commercial  transmission  power 
grid. 

Instantaneous  peak  pulse  power  requirements  for  the  low  and  high  power  phases 
of  the  proposed  GBFEL-TIE  are  not  yet  precisely  known.  Phase  I  peak  pulse 
power  requirements  are  expected  to  be  between  300  and  600  megawatts,  and 
studies  conducted  to  date  indicate  that  this  requirement  can  be  handled  by  the 
commercial  power  grid.  Phase  II  peak  pulse  power  requirements  are  more 
difficult  to  define  at  present,  but  could  range  from  500  to  1,000  megawatts. 

Present  planning  would  call  for  use  of  grid  power  in  phase  I.  Phase  II  pulse 
power  requirements  would  be  supplied  from  the  grid,  on-site  energy  storage 
systems,  on-site  power  generation  systems,  or  a  combination  of  the  three. 

A  stand-by  system  for  on-site  power  generation  may  be  necessary  to  prevent 
damage  to  system  components  in  the  event  of  a  power  failure  during  a  lasing 
experiment.  The  best  current  estimate  indicates  an  initial  load  of  20 
megawatts  to  ensure  orderly  shutdown  of  the  system.  Four  5-megawatt 
generators  would  be  operational  only  during  experimental  testing  runs  and/or 
diagnostic  test  of  subsystems. 
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8.  Personnel  Requirements 

As  can  be  seen  from  Table  I-l,  there  are  two  distinct  construction  peaks 
predicted.  The  larger  of  the  two  would  occur  in  1992,  assuming  Phase  II  is 
undertaken.  The  number  of  laborers,  including  electricians,  masons, 
construction  equipment  operators,  carpenters,  etc.,  is  predicted  to  rise,  fall 
and  rise  again  before  completely  falling  off  at  the  end  of  the  project.  The 
majority  of  construction  labor  personnel  are  expected  to  come  from  local 
sources  until  the  fifth  year  (Phase  II)  of  the  project,  after  which  about  half 
is  predicted  to  be  local  and  half  non-local.  The  estimated  socioeconomic 
effects  of  the  influx  of  these  non-local  workers  are  presented  in  Section  IV 
of  this  report. 

The  number  of  operations  personnel  required  is  predicted  to  increase  steadily 
to  a  plateau  of  400-500  workers  by  1992.  Most  of  these  would  be  highly 
technical  personnel  with  expertise  in  laser  and  optics  design  and  operation. 

9.  Water  Requirements 

During  the  operational  phase,  the  total  water  requirement  would  be  about  1,000 
gallons  per  minute  (gpm)  of  water,  not  exceeding  700  parts  per  million  (ppm) 
total  dissolved  solids  Uds). 

This  represents  a  maximum  demand  of  1,400  acre-feet  per  year  and  includes 
industrial  (cooling)  as  well  as  domestic  (drinking/sanitary)  needs.  Cooling 
water  requirements  could  he  reduced  if  an  air  cooling  system  is  used  on  those 
days/nights  when  ambient  air  temperatures  drop  below  75“F.  The  total  water 
demand  during  the  high  power  phase,  however,  may  increase  if  a  power  \ 
generation  plant  is  required  to  meet  the  peak  power  demands  during  this  phase. 

10.  Construction  Materials  Requirement 

The  following  is  a  list  of  construction  materials  and  amount,  by  type,  that 
are  estimated  to  be  required  by  the  proposed  G8FEL-TIE. 

(1)  75,000  tons  of  aggregate 

(2)  78,000  cubic  yards  of  concrete 

(3)  34,000  tons  of  asphaltic  concrete 

(4)  4,000  tons  of  structural  steel 

(5)  16,000  tons  of  rebar 

(6)  42  acres  of  metal  roofing  and  siding 

-  -  (7)  9,000  concrete  masonary  blocks  (8x8x16) 

(8)  31,000  linear  feet  of  elliptical 

corrugated  steel 

All  of  these  materials  are  available  from  local  contractors  and/or 
distributors.  A  quarry  may  be  required  at  the  North  of  NASA  site.  It  should 
be  noted  that  these  data  are  estimates  of  the  requirements  for  the  actual 
facility  only  and  do  not  include  material  requirements  for  parking  lots  and 
access  roads.  Materials  that  are  excavated  during  the  construction  of  the 
beam  tunnel,  etc.,  may  be  used  for  construction  of  ancillary  facilities  (e.g., 
parking  lots,  sewage  lagoons)  or  used  in  landscaping  surrounding  areas. 
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11.  Ancillary  Facilities 

a.  Sewage  Treatment 

Two  potential  sources  of  industrial  wastewater  and  one  source  of  domestic 
sewerage  would  occur  at  the  GBFEL-TIE  project  site.  These  sources  and  the 
proposed  treatment  systems  are  described  in  the  following  paragraphs. 

(1)  Industrial  Wastewater 

An  evaporative  cooling  system  consisting  of  multiple  induced  or  forced  draft 
cooling  towers  (typically  10  m  x  5  m  x  10  m  each)  would  be  used  to  produce 
cool  water  for  use  in  heat  exchangers  to  cool  the  accelerator,  electrical 
transformers  and  optical  system.  Wastewater  from  the  evaporative  cooling 
system  would  be  produced  at  a  rate  of  75  gpm;  stabilized  chlorine  would  be 
added  as  a  biocide  at  a  rate  of  one  pound  per  10,000  gallons.  The  wastewater 
would  be  discharged  to  an  evaporation  pond  and  would  require  no  additional 
treatment.  The  pond  would  be  approximately  18  acres  in  size  and  would  be 
lined,  according  to  ERA  regulations.  Any  discharge  would  be  required  to 
comply  with  New  Mexico  Water  Quality  Control  Commission  Regulations. 

The  other  potential  source  of  industrial  wastewater  is  the  closed  loop  heat 
exchanger  system  required  to  cool  the  accelerator,  electrical  transformers  and 
optical  system.  Approximately  3,000  parts  per  million  (ppm)  benzotri azole  and 
1,500  ppm  benzoic  acid  would  be  added  as  biocides  to  the  cooling  water  in  the 
optics  heat  exchange.  This  cooling  system  would  be  a  non-contact  closed 
system  and  thus  would  not  generate  iodustrial  wastewater  except  during  routine 
maintenance  and/or  inadvertent  leaks  or  spills.  During  these  situations  the 
wastewater  would  be  discharged  into  a  separate  evaporation  pond.  This  pond 
would  be  approximately  two  acres  in  size  and  would  belined  according  to  ERA 
regulations.  Residues  from  the  pond  would  be  removed  periodically  and 
disposed  of  in  accordance  with  the  approved  WSMR  solid  waste  management  plan. 

A  high  grade,  RCB-free  transformer  oil  would  also  be  used  to  cool  the 
accelerator  and  electrical  transformers.  This  oil  could  mix  with  the  cooling 
water  if  a  seal  within  the  heat  exchanger  malfunctions.  The  water/oil  mixture 
would  then  be  discharged  into  storage  tanks  for  proper  treatment  and  disposal. 

None  of  these  industrial  wastewaters  will  contain  radioactive  materials. 

(2)  Domestic  Wastewater 

During  the  initial  construction  phase,  portable  latrines  would  be  provided. 
These  latrines  would  be  routinely  maintained  and  serviced  by  approved  and 
licensed  contractor(s) .  All  sewerage  waste  would  be  disposed  off-site  in 
accordance  with  State  of  New  Mexico  regulations. 

During  the  operation  of  the  GBFEL-TIE  project,  a  maximum  of  500  people  would 
be  on-site  and  thus  would  produce  daily  up  to  25,000  gallons  (50  gallons  per 
person  per  day)  of  domestic  wastewater.  Commercially  available  treatment 
package  plants  would  be  installed  to  treat  this  wastewater,  if  required  by  ERA 
or  New  Mexico  Environmental  Improvement  Division  (EID). 

b.  Solid  Wastes 

WSMR  presently  maintains  a  50-60  acre  landfill  which  is  expected  to  reach  its 
capacity,  under  current  fill  rate,  within  50  years.  Construction  wastes 
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(e.g.,  scrap  lumber  and  concrete)  from  the  proposed  GBFEL-TIE  would 
significantly  reduce  this  capacity;  therefore,  such  wastes  would  be  buried 
on-site  at  a  landfill  constructed  within  suitable  soil  types.  The  landfill 
would  be  closed  out,  covered  and  reseeded  upon  completion  of  construction 
activities.  No  hazardous  or  toxic  wastes  (e.g.,  oil  filters)  would  be 
discarded  in  the  landfill;  toxic  wastes  generated  during  construction 
activities  would  be  properly  disposed  of  in  accordance  with  ERA  and  State  of 
New  Mexico  regulations.  Excavated  materials,  as  mentioned  previously,  would 
be  used  on-site  for  construction  of  ancillary  facilities  and  landscaping, 
where  practical. 

Solid  wastes  generated  during  the  operation  and  maintenance  of  the  proposed 
project  would  be  collected  and  disposed  of  by  approved  and  licensed 
contractor(s)  in  accordance  with  State  of  New  Mexico  regulations. 

c.  Water  Treatment 

It  is  presently  envisioned  that  no  treatment  facilities  would  be  required, 
except  for  chlorination  for  drinking  water  and  a  possible  deionization  system 
that  would  be  used  for  the  closed  loop  cooling  system  as  discussed  previously. 

d.  Power  Generation/Storage 

The  peak  pulse  power  demand  for  both  th’e  low  and  high  power  phases  would  be 
assessed  for  the  potential  of  supplying  these  demands  from  the  existing 
commercial  power  grid  within  the  region.  Consideration  would  be  given  to 
on-site  generation  and/or  energy  storage  devices  to  provide  all  the  necessary 
power  or  to  supplement  the  deficiency  of  the  existing  power  grid. 

Possible  methods  of  generation/energy  storage  devices  presently  being 
evaluated  include,  but  are  not  limited  to:  super-conducting  magnetic  storage 
devices,  batteries,  fuel  cells,  diesel/gas  fired  turbines,  fossil  fuel 
generation  plant  and  flywheels.  Nuclear  power  is  not  being  considered  as  a 
viable  generation  alternative.  Four  5-megawatt  generators  may  be  operated 
during  each  test  for  stand-by  emergency  power  to  prevent  damage  to  certain 
laser  components. 

A  separate  environmental  analysis  of  the  power  generation/energy, storage 
devices  would  be  conducted. 

e.  Power  Transmission  Lines 

As  discussed  previously,  the  power  demand  for  the  low  and  high  power  phases 
could  possibly  be  met  from  the  existing  grid  of  power  transmission  lines. 
Existing  lines  large  enough  (i.e.,  345  kv)  to  adequately  supply  the  required 
power  for  Phase  I  are  depicted  in  Figure  I-ll.  Construction  of  transmission 
lines  from  this  grid  to  the  selected  site  would  be  required,  however. 

Potential  corridors  for  power  lines  to  each  site  are  discussed  in  Section  II, 
Comparison  of  Alternatives, 

f.  Road  and  Railroad  Requirements 

Roads  would  have  to  be  constructed  to  each  site  to  allow  adequate  and 
controlled  access  as  well  as  accommodate  freight  and  shipping  lines.  In 
addition,  railroad  spurs  may  also  have  to  be  constructed  to  accommodate 
shipping  of  heavy  equipment.  A  discussion  of  potential  road  and  railroad 
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Figure  1-11.  Existing  Area  Power  Line  Grid. 
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corridors  for  each  site  are  presented  in  Section  II,  Comparison  of 
Alternatives . 


g.  Communication  Cables 

Communication  cables  would  be  required  to  each  site.  It  is  presently  expected 
that  these  lines  would  be  constructed  immediately  adjacent  to  the  access  roads 
in  order  to  avoid  developing  additional  rights-of-way. 

E.  Potential  Program  Conflicts 

Potential  conflicts  with  other  existing  and  proposed  WSMR  programs  could  occur 
at  all  three  sites  upon  implementation  of  the  proposed  GBFEL-TIE.  The  U.S. 

Air  Force  (USAF)  is  currently  investigating  the  possibility  of  deploying  the 
Small  Intercontinental  Ballistic  Missile  (SICBM)  program  to  WSMR.  Each  of  the 
proposed  sites  under  consideration  for  the  GBFEL-TIE  is  also  a  portion  of  the 
deployment  area  proposed  for  the  SICBM.  The  USAF  has  recently  (November  1986) 
prepared  a  Legislative  EIS  to  address  the  proposed  deployment. 

1.  Stallion 

The  Stallion  site  and  surrounding  areas  are  frequently  used  as  impact  areas 
for  long  range  and  strategic  missile  firings  (e.g.,  Pershing).  This  area  is 
frequently  used  for  missile  firings  that  utilize  large  dispersion  areas, 
requiring  evacuation  and  use  of  lands  adjacent  to  the  northwestern  boundary  of 
WSMR.  These  missile  firings  require  the  closure  of  range  roads  5  and  7.  Long 
range  trajectories  (from  firing  sites  on  Green  Mountain,  Utah  and  Mt.  Home, 
Idaho)  overfly  the  proposed  site.  Although  not  currently  in  use,  these 
trajectories  are  a  unique  WSMR  asset.  The  Defense  Nuclear  Agency  (DNA) 
utilizes  an  area  approximately  16  km  southeast  of  the  Stallion  site  as  a 
permanent  high  explosive  area  to  simulate  blast  effects  for  various  research 
and  development  projects.  Holloman  Air  Force  Base  (AFB)  and  Kirtland  AFB  also 
use  the  same  general  area  as  DNA  as  an  aircraft  training  range.  These 
programs  may  require  scenario  modification  or  be  eliminated,  reduced  or 
required  to  move  to  other  areas  if  GBFEL-TIE  were  located  at  Stallion.  In 
addition,  U.S.  Army  Missile  Command's  Multiple  Launch  Rocket  System  (MLRS) 
program  is  presently  attempting  to  obtain  approval  to  use  the  Stallion  Warhead 
Impact  Target  (WIT)  area,  located  at  the  southern  end  of  the  Stallion  site, 
for  missile  firings  from  a  launch  area  under  construction  approximately  5.6  km 
southwest  of  Stallion  Range  Center.  Some  of  the  missiles  launched  by  the  MLRS 
would  contain  live  munitions.  The  Stallion  WIT  is  also  used  for  LANCE  missile 
tests  but  from- other  firing  sites. 

Radio  frequency  (RF)  and  electromagnetic  (EM)  emissions  could  possibly 
conflict  with  the  National  Radio  Astronomical  Observatory  Very  Large  Array 
(VLA)  facility  located  west  of  Socorro,  New  Mexico,  although  studies  to  date 
show  that  proper  design  and  installation  of  RFI  and  EMI  shielding  of  GBFEL-TIE 
facilities  will  preclude  interference  to  the  VLA. 

Additionally,  the  USAF  currently  conducts  air  combat  maneuver  training  in  the 
Stallion  area.  Potential  effects  on  operations  utilizing  Air  Combat 
Maneuvering  Instrumentation  (ACMI)  include  loss  of  approximately  20  percent  of 
the  WSMR  areas  used  approximately  10  percent  of  the  normal  range  time. 
Approximately  850-900  sorties  per  year  could  be  affected  by  either  being  moved 
to  adjacent  areas  or  by  being  subjected  to  additional  scheduling  constraints. 
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Use  of  Stallion  site  could  also  conflict  with  NASA's  high  altitude  sounding 
rocket  program  in  terms  of  requiring  additional  risk  to  be  taken  by  GBFEL-TIE 
for  certain  NASA  launches.  A  new  SOI  program,  EXCEOE  III,  proposes  use  of  a 
launch  site  which  overflies  the  Stallion  site.  Field  training  exercises  are 
also  periodically  conducted  in  the  Stallion  vicinity  and  would  probably  have 
to  be  relocated. 


2.  North  of  NASA 

The  North  of  NASA  site  has  several  potential  conflicts  in  the  immediate  area. 
There  would  be  a  possibility  of  interference  with  NASA's  Telemetry  Data  Relay 
Satellite  System  (TDRSS)  with  radio  frequency  (RF)  and  electromagnetic 
emissions  (EM)  from  GBFEL-TIE.  Present  indications  are  that  RFI  and  EMI 
generated  will  be  contained  on-site  by  proper  shielding  built  into  the 
facilities.  Use  of  this  site  would  also  conflict  with  two  on-going  missile 
programs.  One  of  these  is  the  U.S.  Navy  Vandal  missile  and  the  other  is 
NASA's  high  altitude  sounding  rocket  program.  Further,  the  North  of  NASA  site 
lies  within  the  YONDER  aerial  gunnery  training  range,  used  by  U.S.  Air  Force 
for  training  from  Holloman  Air  Force  Base.  Increased  airspace  restrictions 
caused  by  the  GBFEL-TIE  could  lead  to  an  adverse  impact  on  this  defense 
training  operation. 

Over  12,000  acres  (approximately  half)  of  Jornada  Experimental  Range's  Pasture 
19  would  be  encompassed  by  the  North  of  NASA  site  and  thus  eliminated  from 
future  grazing  and  other  research  programs.  In  addition,  the  North  of  NASA 
site  may  cause  conflicts  with  the  San  Andres  National  Wildlife  Refuge  by 
further  limiting  air  and  land  access  to  the  refuge. 

3.  Orogrande 

An  area  just  west  of  the  Orogrande  site  is  overflown  by  Pershing  lA  missiles 
during  test  firings.  Although  no  direct  impact  is  expected,  there  is  reduced 
reaction  time  for  flight  safety  personnel  and  potential  for  premature 
destruction  of  a  missile  should  it  appear  to  stray  toward  the  GBFEL-TIE. 

The  area  encompassed  by  the  proposed  GBFEL-TIE  Orogrande  site  is  used  for 
field  training  exercise  conducted  by  the  U.S.  Readiness  Command  and  other 
agencies.  Such  exercises  in  this  area  would  possibly  be  precluded  or  limited 
if  the  Orogrande  site  is  selected.  Firings  at  various  launch  sites  along  Nike 
Boulevard  require  the  road  to  be  closed  for  periods  ranging  from  one  to  two 
hours.  These  closures  occur  frequently,  often  more  than  once  daily.  Such 
closures  may  interfere  with  construction  and  operation  of  the  proposed 
GBFEL-TIE.  The  Office  of  the  Test  Directorate  (OTD)  uses  a  laser  range  near 
the  Orogrande  site  for  tests  involving  laser  sensors  and  infrared 
investigations.  The  RFI  and  EMI  provided  by  the  GBFEL-TIE  could  conflict  with 
OTD's  programs.  Also,  NASA  has  expressed  a  concern  that  laser  propagation 
tests  at  Orogrande  could  interfere  with  their  TDRSS  operations.  However, 
recent  studies  indicate  that  the  proper  design  and  installation  of  RFI  and  EMI 
shielding  would  preclude  interferences  with  OTD  and  mission  scheduling  with 
NASA  would  preclude  possible  interference  with  the  TDRSS  program. 

The  Vulnerability  Assessment  Laboratory  (VAL)  programs  include  sensitive 
electronic  equipment  that  EMI  and  RFI  from  GBFEL-TIE  could  possibly  hinder. 
Again,  proper  design  and  installation  of  shielding  should  preclude 
interference  with  VAL  programs. 


1-26 


Restrictions  of  airspace  for  GBFEL-TIE  have  the  potential  to  conflict  with 
commercial  aviation  activities  around  WSMR.  Additional  restricted  airspace, 
if  required,  will  be  addressed  in  other  environmental  documentation  and 
approved  by  the  Federal  Aviation  Administration  (FAA).  During  the  public 
comment  period,  a  concern  was  expressed  about  the  Alamogordo-El  Paso  flight 
corridor.  Preliminary  indications  are  that  flights  above  10,000  feet  MSI  may 
have  to  be  restricted,  but  only  during  periods  of  testing  involving  aerial  and 
extra-atmospheric  targets.  Should  this  or  any  other  airspace  need  to  be 
restricted,  it  would  be  done  on  an  as-needed,  call-up  basis  similar  to  that 
employed  at  the  present  time  on  the  western  and  northern  boundaries  of  White 
Sands  Missile  Range. 

On  10  January  1987,  officials  of  WSMR  stated  that  for  present  operations. 
Stallion  site  was  significantly  inferior  to  North  of  NASA  and  Orogrande.  For 
foreseeable  future  operations,  several  programs  could  not  be  accomplished  at 
Stallion  if  that  site  were  chosen. 

F.  Controversial  or  Unresolved  Issues 
The  unresolved  issues  concerning  this  proposed  project  include: 

0  power  and  water  transmission  line,  road  and 
potential  railroad  spur  routes 

0  power  generation/energy  storage  devices 

General  analyses  of  the  impacts  of  such  rights-of-way  are  included  in  this 
document  insofar  as  they  are  pertinent  to  selection  of  a  project  site.  The 
specific  routes  of  the  various  facilities  would  be  identified  at  a  later  date 
after  identification  of  specific  sources  and  further  design  choices  are  made. 
More  investigations  will  be  required  concerning  the  best  transmission  line 
route  to  use  considering  environmental,  engineering  and  economic  resources. 

Data  generated  during  the  low  power  phase  would  aid  in  the  determination  of 
peak  power  demands  and  the  power  generation/storage  requirements  for  the  high 
power  phase.  As  indicated  above,  this  component  of  the  proposed  project  would 
be  addressed  in  a  subsequent  environmental  analysis. 

Controversial  issues  may  arise  concerning  rights-of-way  and  easements  that 
would  be  required  from  private  and/or  other  public  (i.e.,  USDI,  USOA)  agencies 
for  transmission  lines,  roads  and  possible  railroad  spurs.  Potential 
conflicts  with  other  existing  and/or  proposed  programs  on  WSMR  and  adjacent 
USDA  and  USDI  lands  would  also  have  to  be  resolved. 

It  is  the  intent  of  USASDC  to  proceed  with  the  GBFEL-TIE  as  described  in  this 
document,  subject  to  the  approval  and  support  by  the  U.S.  Congress  and  the 
Administration.  As  in  any  major  Federal  program,  part  of  the  success  of  the 
project  is  dependent  upon  adequate  appropriations  of  funds.  If  funds  were 
eliminated  by  Congress  after  construction  of  the  proposed  project  had 
commenced,  adverse  socioeconomic  effects  could  result.  Such  effects  would 
depend  on  the  extent  and  timing  of  the  project  curtailment  and  the  mitigation 
measures  and  means  available. 
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COMPARISON  OF  ALTERNATIVES 
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COMPARISON  OF  ALTERNATIVES 


A.  Background 

1.  Treaty  Considerations 

In  consideration  of  the  1972  Anti-Ballistic  Missile  (ABM)  Treaty  between  the 
United  States  and  the  Soviet  Union,  the  Ground  Based  Laser  project  would  be 
located  at  White  Sands  Missile  Range,  New  Mexico. 

2.  WSMR  Constraints 

As  mentioned  previously,  WSMR  currently  supports  over  80  Department  of  Defense 
and  other  governmental  programs.  These  existing  activities  and  facilities 
preclude  using  certain  WSMR  areas.  Also,  significant  portions  of  lands 
contained  within  the  boundaries  of  WSMR,  such  as  White  Sands  National  Monument 
and  San  Andres  NWR,  are  not  freely  usable  for  major  new  facilities  or 
activities. 

Initially,  four  criteria  were  used  to  identify  potential  GBFEL-TIE  project 
sites  on  WSMR:  (1)  WSMR  location  in  reference  to  support  facilities,  (2) 
compatibility  with  existing  facilities  and  missions,  (3)  compatibility  with 
present  and/or  projected  land  use,  and  (4)  topographic/areal  acceptability. 

As  a  result  of  these  considerations,  14  areas  within  which  the  proposed 
GBFEL-TIE  could  potentially  be  located  were  identified,  as  shown  in  Figure 
II-l. 

These  potential  sites  were  then  screened  and  evaluated  against  14  detailed 
criteria,  presented  below: 


1 .  Land  Area 

2.  Gypsum  Deposits 

3.  Atmospheric  Conditions 

4.  Experimental  Issues 

5.  Program  Conflicts 

6.  Safety 

7.  Environmental  Considerations 

8.  Water  Availability 

9.  Electrical  Power  Availability 

10.  Geology/Soils 

11.  Terrain  Characteristics 

12.  Constructability 

13.  Security 

14.  Facility  Support 

These  criteria  were  given  a  weighting  factor  and  each  potential  site  was 
evaluated  against  each  criterion(4).  The  Landfill,  Small  Missile  Range  and 
North  Oscura  Peak  sites  were  eliminated  from  further  consideration  because  of 
inadequate  land  area.  Proximity  to  gypsum  deposits  eliminated  the  Three 
Rivers,  Test  Track,  HELSTF  and  Monument  sites  from  further  consideration.  Of 
the  remaining  sites,  the  Stallion,  North  of  NASA,  and  Orogrande  sites 
represented  the  most  reasonable  range  of  alternatives  and  were  carried  forward 
for  detailed  analyses.  Evaluations  of  the  three  potential  sites  are 
summarized  in  the  following  paragraphs  and  described  in  detail  in  Section  III, 
Affected  Environment,  and  Section  IV,  Environmental  Consequences. 
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Figure  II-l,  Location  Map  of  14  Preliminary  Sites. 
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B.  WSMR  Alternative  Sites  Still  Considered  Viable 

This  subsection  describes  the  potential  impacts  that  would  occur  as  a  result 
of  constructing  and  operating  the  proposed  GBFEL-TIE.  For  comparison 
purposes,  these  discussions  are  presented  in  matrix  form  for  the  major 
resource  groups  and  provide  only  brief  statements  concerning  the  anticipated 
consequences.  Detailed  evaluations  of  each  parameter  at  each  site  are 
contained  in  Section  III,  Affected  Environment  and  Section  IV,  Environmental 
Consequences.  Policies  and  measures  that  are  employed  by  WSMR  or  that  would 
be  implemented  in  order  to  mitigate  or  obviate  adverse  consequences  are 
discussed  in  Section  V,  Mitigation  Measures. 

1.  Physical  Resources 

For  the  purpose  of  this  presentation,  climate,  soils,  geology,  and  air  quality 
are  grouped  as  physical  resources.  Potential  impacts  to  these  parameters  at 
each  site  are  summarized  in  Table  II-l.  As  can  be  seen  from  this  table, 
existing  climate  and  air  quality  at  each  of  the  sites  is  in  the  acceptable 
range  of  the  proposed  GBFEL-TIE  requirements  with  no  one  site  being  more 
favorable  under  normal  conditions.  The  sites  are  all  geologically  acceptable 
from  an  engineering/construction  standpoint.  The  Stallion  site  is  in  a  risk 
three  seismic  zone,  which  is  in  a  greater  risk  zone  than  the  other  two  sites. 
North  of  NASA  site  is  in  a  risk  two  zone  and  Orogrande  is  on  the  zone  one/zone 
two  border.  Soils  at  the  Stallion  site  exhibit  a  hazard  for  wind  erosion. 
Soils  at  Orogrande  and  North  of  NASA  sites  have  a  greater  hazard  for  wind 
erosion  than  at  Stallion.  Soil  leveling  and  resurfacing  associated  with 
roads,  pipelines,  power lines  and  railroads  would  impact  a  minimum  of  800  acres 
at  the  Stallion  site.  The  North  of  NASA  and  Orogrande  sites  would  impact  a 
about  740  acres  and  260  acres,  respectively. 

2.  Biological  and  Cultural  Resources 

Potential  impacts  to  biological  and  cultural  resources  at  each  site  are 
briefly  discussed  in  Table  II-2.  Approximately  2,500  acres  of  various  habitat 
types  would  be  destroyed  at  any  of  the  sites  due  to  construction  of  the  laser 
facility,  parking  lots,  sewerage  lagoons,  etc.  Additional  acreage  would  also 
be  restricted  at  each  site  due  to  fences.  The  acreage  that  would  be  enclosed 
would  be  about  17,200  (Stallion);  15,500  (North  of  NASA);  and  16,000 
(Orogrande).  More  habitats  would  also  be  destroyed  or  altered  at  the 
Stallion  site  than  at  the  other  two  sites  due  to  construction  requirements  for 
transmission  lines,  roads  and  possible  railroad  spurs.  Consequent  effects 
would  occur  on  wildlife  in  proportional  magnitudes.  Elimination  of  grasslands 
at  the  Stallion  site  would  adversely  affect  pronghorn;  existing  suitable 
habitat  at  Orogrande  would  be  made  unavailable  to  gemsbok.  There  is  a  greater 
potential  to  adversely  affect  threatened  or  endangered  species  (Federal  and 
State  of  New  Mexico)  at  the  Stallion  and  North  of  NASA  sites.  Siting  of  the 
GBFEL-TIE  at  the  North  of  NASA  site  would  adversely  affect  the  desert  bighorn 
sheep,  in  particular. 

The  cultural  impact  is  a  function  of  both  the  areas  disturbed  and  the  density 
of  archeological  sites  involved.  Based  on  sample  data  indicating  densities  of 
cultural  sites,  impacts  to  cultural  resources  were  estimated.  Table  II-2 
presents  impacts  that  would  be  expected  from  the  facility  and  the  minimum 
lengths  required  by  the  utility  ROWs.  Again,  additional  impacts  would  occur 
within  the  ground  target  test  range  but  are  not  quantified  here  since  the 
exact  dimensions  and  positions  are  not  presently  known  and  the  facilities  to 
be  constructed  within  the  range  have  not  been  identified;  however,  the 
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significance  of  resources  in  this  area  are  expected  to  be  consistent  with  the 
degree  of  cultural  impacts  already  identified  for  each  site.  The  combined 
impact  area  for  the  Stallion  site  would  be  about  65  acres.  The  North  of  NASA 
site  would  be  about  660  acres,  while  the  Orogrande  site  would  impact  about  55 
acres.  The  variation  within  each  site  is  a  function  of  the  alternative  method 
of  water  supply.  In  any  case,  the  North  of  NASA  site's  potential  adverse 
impact  is  an  order  of  magnitude  greater  than  would  be  expected  at  the  other 
two  sites. 


3.  Water  Resources 

Eight  alternatives  have  been  identified  for  potential  water  supply  at  the 
three  sites.  Each  alternative  would  provide  1,400  acre-feet  per  year  of 
water.  However,  local  ground  water  at  both  Stallion  (Alternative  lA)  and  at 
Orogrande  (Alternative  6)  would  require  desalinization  to  meet  the  projected 
water  quality  criterion. 

0  Stallion: 

Alternative  1 

Alternative  lA 

Alternative  2 

0  North  of  NASA: 

Alternative  3  —  ground  water  from  Jornada  Del 
Muerto 

Alternative  4  —  "surface"  water  from  Rio  Grande 
Valley 

0  Orogrande: 

Alternative  5  —  ground  water  from  Soledad  wells 
(new  line  to  site) 

Alternative  6  --  ground  water  locally 
Alternative  7  —  ground  water  from  Soledad  wells 
through  WSMR  post  headquarters 

The  most  cost  effective  water  supply  source  at  the  Stallion  site  would  be 
ground  water  from  the  Rio  Grande  alluvium.  The  pipeline  would  be 
approximately  43  km  long,  and  would  be  contained  within  the  corridor  shown  in 
Figure  II-2. 

The  most  cost  effective  source  of  water  for  the  North  of  NASA  site  is  a  new 
well  field  to  be  developed  south  of  the  Jornada  Reserve  Headquarters  (see 
Figure  II-3).  This  approach  would  require  a  pipeline  approximately  10-23  km 
in  length,  as  shown  in  Figure  II-3. 

The  most  cost  effective  source  of  water  for  the  Orogrande  site  would  be  a  new 
well  field  in  the  Soledad  Canyon  aquifer,  located  approximately  16  km  south  of 
the  White  Sands  Headquarters  area.  Two  methods  of  water  delivery  are  under 
consideration.  One  involves  connection  to  the  post  headquarters  water  supply 
system,  requiring  the  construction  of  16  km  of  new  pipe,  and  the  renovation  of 
26  km  of  existing  pipe.  The  other  choice  would  be  a  new  pipeline  direct  to 
the  Orogrande  site,  approximately  32  km  in  length.  Potential  corridors  are 
shown  in  Figure  II-4. 


—  surface  water  from  Elephant  Butte 
Reservoir 

—  ground  water  from  Rio  Grande 
Alluvium 

—  ground  water  locally 
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Supply  Alternatives  1,  la  and  2, 
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Figure  I 1-3.  Water  Line  Access  Corridors  for  North  of  NASA  Site  for 
Water  Supply  Alternatives  3  and  4. 
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Figure  II-4,  Water  Line  Access  Corridors  for  Orogrande  Site  for 
Water  Supply  Alternatives  5,  6  and  7, 
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Capital  costs  and  yearly  operations  and  maintenance  costs  have  been  estimated 
for  each  alternative,  and  are  shown  in  Table  II-3.  None  of  the  preferred 
water  supplies  requires  desalinization,  therefore  there  are  no  desalinization 
costs  included  in  these  figures.  It  can  be  seen  that,  with  the  exception  of 
the  Orogrande  (renovated  pipeline)  alternative,  capital  costs  for  development 
of  a  water  source  are  relatively  similar  at  all  three  sites,  with  the  North  of 
NASA  alternative  being  the  cheapest.  Orogrande,  on  the  other  hand,  has  the 
lowest  O&M  costs.  The  option  to  renovate  the  pipeline  for  the  Orogrande  site, 
while  clearly  the  most  expensive,  has  been  retained  in  the  analysis  because  it 
could  provide  substantial  benefits  to  the  WSMR  installation,  which  would  not 
occur  under  any  of  the  other  scenarios. 

4.  Electrical  Power  Availability 

Electrical  power  required  for  the  6BFEL-TIE  project  could  potentially  be 
satisfied  from  the  existing  power  transmission  line  grid.  Although  existing 
lines  are  large  enough  for  Phase  I,  construction  of  hookup  lines  would  be 
required  to  connect  the  selected  site  to  this  grid.  Figures  II-5  through  II-7 
present  possible  Phase  I  power  line  transmission  corridors  for  the  three 
alternative  sites.  Table  II-4  presents,  by  site,  each  possible  powerline 
corridor,  lengths  of  powerline  and  the  entities  controlling  the  land  through 
which  the  powerline  would  cross.  Although  the  exact  routes  are  not  known  at 
present,  it  is  anticipated  that  the  new  transmission  lines  would  parallel 
existing  lines  to  the  maximum  extent  practical.  Construction  of  a  power 
transmission  line  may  require  a  separate  environmental  analysis  to  assess 
potential  impacts  from  construction  as  well  as  operation  and  maintenance  of 
the  transmission  line(s).  It  should  also  be  noted  that  even  the  shortest 
routes  available  to  the  North  of  NASA  and  Stallion  sites  would  require  that 
the  transmission  lines  traverse  other  public  (e.g.,  USDA,  USDI)  and/or  private 
landsO).  The  Orogrande  site  transmission  line  corridor  as  shown  in  Figure 
I 1-7  is  contained  within  land  controlled  by  the  U.S:  Department  of  the  Army. 

5.  Road  and  Railroad  Spur  Requirements 

The  precise  routes  of  the  roads  and  potential  rail  spurs  to  any  of  the 
proposed  sites  are  not  presently  specified.  However,  Figures  II-8  through 
II-IO  present  possible  railroad  and  road  corridors  for  Stallion,  North  of  NASA 
and  Orogrande  sites,  respectively.  Table  II-5  presents,  by  site,  possible 
corridor  and  the  lengths  of  the  railroad  spur  or  road  and  the  controlling  land 
entities.  Access  roads  to  the  Stallion  and  Orogrande  sites  would  be 
relatively  short  (i.e.,  less  than  two  km)  and  would  be  contained  entirely 
within  WSMR;  therefore,  they  are  not  illustrated  in  Figures  8  and  10. 
Additionally,  improvements  to  the  existing  WSMR  road  network  may  be  required. 

6.  Socioeconomic  Resources 

The  estimated  impacts  to  the  area's  socioeconomic  resources  that  would  be 
expected  to  occur  upon  implementation  of  the  proposed  6BFEL-TIE  are  presented 
in  Table  II-6.  Labor  force  availability  is  approximately  even  for  each  site; 
therefore,  the  projected  number  of  incoming  workers  is  the  same  for  each. 
Projected  service  demands  are  the  same  for  each  site.  In  the  event  that 
Orogrande  or  North  of  NASA  is  selected,  service  demands  are  judged  to  be 
within  the  capacities  of  the  local  systems.  Construction  of  the  6BFEI-TIE  at 
Stallion  site  would  result  in  a  predicted  housing  deficit  (approximately  270 
units)  in  the  Socorro  and  Valencia  Counties.  The  Socorro  County  school  system 
would  have  to  accommodate  a  projected  12  percent  increase  in  one  year. 
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Table  II-3 

Potential  Impacts  and  Estimated  Costs  of  Water  Supply  Alternatives  for 
GBFEL-TIE  Candidate  Sites 
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II-6.  Power  Line  Access  Corridors  for  North  of  NASA  Site. 
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Figure  II-7.  Power  Line  Access  Corridor  for  Orogrande  Site. 


Table  II-4 


Possible  Power  Transmission 
Corridors,  by  Site 
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STALLION  SITE 
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Controlling  Entity 
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New  Mexico 
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Length  (km) 

0.8 

17.5 
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USDA 
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Total 


4.8 

3.2 

23.5 

7.7 


39.2 


Private  Land 

BLM 

USDA 

USDA/DOD  (co-use) 


Corridor  A 
Total 


OROGRANDE  SITE 

Length  (km)  Controlling  Entity 

16.1  DOD 

16.1 
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POWER  LINE 


Figure  11-8.  RaiHroed  Spur  Access  Corridor  for  Stallion  Site. 
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Figure  II-9.  Road  and  Railroad  Spur  Access  Corridors  for  North  of  NASA  Site 


Figure  II-IO.  Railroad  Spur  Access  Corridor  for  Orogrande  Site, 
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Table  II-5 


Possible  Railroad  Spur  and/or  Road  Corridor 
Alternatives  by  Site 

Approximate 

Length  (km)  Controlling  Entity 

STALLION  SITE 


Railroad 

9.8 

Pedro  Almendaris  Grant 

8.4 

BLM 

3.2 

New  Mexico 

21.4 

000 

Total 

42.8 

NORTH  OF  NASA  SITE 

Railroad 

3.2 

New  Mexico 

25.9 

BLM 

3.1 

USOA/000  (co-use) 

3.3 

000 

Total 

35.5 

Corridor 

_A 

Roads 

1.6 

New  Mexico 

29.3 

BLM 

4.0 

USOA/000  (co-use) 

2.7 

000 

Total' 

37.6 

Corridor 

_B 

Roads 

6.9 

Existing  Right-of-Way 

6.4 

000 

20.1 

USOA/000  (co-use) 

Total 

33.4 

OROGRANOE 

SITE 

Corridor 

A 

Railroad 

9.5 

BLM 

9.2 

000 

Total 

18.7 

Corridor 

_B 

Railroad 

2.3 

Private  Land 

4.5 

BLM 

2.3 

New  Mexico 

1.4 

000 

Total 

10.5 

Corridor 

C 

Railroad 

10.9 

000 

2.7 

BLM 

13.6 
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Total 


Impacts  in  other  public  service  areas  would  not  be  severe  for  any  area. 
Transportation  impacts  would  be  roughly  equivalent  for  each  site,  during  the 
construction  phase. 

7.  Existing  Programs 

The  potential  impacts  to  currently  existing  programs  and  operations  at  WSMR 
were  determined  for  each  site.  Proposed  programs  which  potentially  impact 
site  areas  were  also  evaluated.  On  10  January  1987,  officials  of  WSMR  stated 
that  for  present  operations.  Stallion  was  significantly  inferior  to  North  of 
NASA  and  Orogrande.  For  foreseeable  future  operations,  several  programs  could 
not  be  accomplished  at  Stallion  if  that  site  were  chosen.  These  potential 
conflicts  were  discussed  previously  in  Section  I  -  Purpose  and  Need. 

C.  Environmentally  Preferred  Alternative 

As  shown  in  Tables  II-l  through  II-3,  II-6  and  summarized  in  Table  II-7,  the 
Orogrande  site  would  have  the  least  environmental  impacts.  Therefore,  it  is 
the  environmentally  preferred  site;  this  is  one  of  several  factors  bearing  on 
USASDC's  identification  of  its  preferred  site,  as  discussed  below. 

D.  Agency  Preferred  Alternative 

USASDC  began  the  EIS  process  with  no  preference  as  to  the  site  to  be  chosen. 
The  information  on  environmental  impacts,  developed  during  the  preparation  of 
this  EIS,  was  one  of  the  major  inputs  into  the  identification  of  the  preferred 
alternative. 

In  this  project,  USASDC's  objective  was  to  identify  the  site  which  best 
satisfied  several  goals  simultaneously: 

0  provide  best  experimental  and  operational 
conditions; 

0  initiate  research  testing  program  as  soon 
as  feasible; 

0  minimize  interference  from  and  with  other 
WSMR  test  programs; 

0  minimize  adverse  environmental  impacts. 

From  the  beginning,  USASDC  recognized  that  no  one  site  was  likely  to  achieve 
all  of  these  goals.  USASDC  recognized  that  "the  best"  site  might  not 
necessarily  be  the  least  expensive,  nor  the  most  environmental ly  preferable. 
This  also  meant  that  the  "environmentally  preferred  alternative"  might  not  be 
the  overall  most  preferable  choice  when  other  factors  are  also  considered. 
Instead,  because  of  these  multiple  goals,  the  preferred  site  must  represent 
USASDC's  judgement  as  to  the  best  available  compromise  among  these  goals. 

In  order  to  determine  which  site  best  met  the  combination  of  objectives,  a 
number  of  studies  were  carried  out  simultaneously  with  the  environmental 
studies.  These  studies  include: 

0  atmospheric  characteristics; 

0  water  and  utilities  availability; 

0  seismic  factors; 

0  topography; 

0  electric  power; 
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0  construction  resources; 

0  electromagnetic  interference; 

0  hazardous  waste; 

0  WSMR  program  interference. 

Several  of  these  studies  provided  information  to  the  EIS;  others  dealt  with 
site  selection  factors  beyond  the  scope  of  the  EIS,  The  results  of  these 
studies,  plus  the  results  of  the  environmental  studies,  were  all  used  by 
USASDC  in  its  identification  of  a  preferred  alternative. 

Although  many  topics  were  studied,  the  differences  among  the  sites  could  be 
expressed  in  terms  of  how  well  the  site  would  meet  the  cost,  schedule, 
research  and  test  operations,  and  environmental  goals.  For  example, 
topographic  differences  among  sites  were  translated  into  construction  cost 
differences.  Where  environmental  impacts  could  be  effectively  mitigated,  the 
cost  and  the  time  that  would  be  required  were  estimated.  The  remaining, 
unavoidable  impacts  were  also  considered.  The  comparative  comprehensive 
evaluation  of  sites  was  therefore  done  on  the  basis  of  these  key  factors 
(cost,  schedule,  research  and  test  operations  and  environmental  goals  and  WSMR 
program  conflicts). 

Some  habitat  disruption  at  the  Stallion  site,  and  impacts  on  desert  bighorn 
sheep  and  archeological  resources  at  the  North  of  NASA  site  were  the  major 
environmental  factors.  There  appears  to  be  no  essential  difference  in  the 
estimated  construction  costs  associated  with  siting  the  experiment  at  any  of 
the  three  sites.  The  history  of  seismic  activity  in  the  Socorro  area 
indicates  that  siting  the  experiment  at  Stallion  could  cause  a  delay  in 
gathering  experimental  data  due  to  the  necessity  to  periodically  realign  and 
calibrate  optical  equipment.  In  the  area  of  program  and  schedule  conflicts  at 
White  Sands,  substantially  higher  impacts  would  accrue  to  existing  and  future 
programs  at  the  Stallion  site  as  compared  to  the  other  two  sites.  At  the 
Stallion  site,  these  program  conflicts  affect  all  three  military  services  and, 
in  the  opinion  of  White  Sands  personnel,  would  severely  limit  future 
operational  capabilities  of  the  national  range  thereby  making  Stallion 
significantly  inferior  to  the  other  two  sites. 

In  consideration  of  the  above,  the  USASDC  has  identified  Orogrande  as  its 
preferred  site  alternative. 

E.  No  Action 

This  alternative  would  preclude  all  impacts,  beneficial  and  adverse,  of  the 
proposed  project.  However,  the  purpose  and  need  of  the  project  would  not  be 
satisfied.  It  should  also  be  noted  that  selection  of  this  alternative  would 
not  preclude  impacts  from  occurring  at  or  near  WSMR  as  a  result  of  current  or 
other  proposed  activities,  as  indicated  in  Tables  II-l  through  II-6. 
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AFFECTED  ENVIRONMENT 


III.  AFFECTED  ENVIRONMENT 
A.  Climate 

1.  General 

Much  of  the  following  information  on  climate  was  primarily  obtained  from  the 
Department  of  the  Army,  White  Sands  Missile  Range  Installation  Environmental 
Assessment  1985(1). 

The  climate  at  WSMR  is  typical  of  the  desert  southwest— warm,  dry  and 
occasionally  dusty.  On  an  annual  basis,  maximum  and  minimum  temperatures 
average  77*F  and  46“F,  respectively.  Annual  precipitation  ranges  from  seven 
to  11  inches.  Over  50  percent  of  this  precipitation  occurs  during  the  summer 
months  when  the  prevailing  southeasterly  flow  permits  a  continuing  intrusion 
of  moist  tropical  air  from  the  Gulf  of  Mexico— a  marked  contrast  to  the  dry, 
westerly  winds  which  prevail  during  the  remainder  of  the  year.  The  highest 
wind  speeds  are  observed  in  spring,  while  the  lowest  occur  during  the  fall. 

Low  visibilities  are  uncommon  and  are  primarily  associated  with  windborne  dust 
during  the  spring. 

Figure  III-l  shows  the  locations  of  the  Stallion,  A  Station  (closest  available 
data  nearest  to  North  of  NASA  site)  and  the  WSO  (near  Orogrande  site)  weather 
stations.  The  climatological  data  presented  in  Table  III-l  represent  a  digest 
of  the  meteorological  data  for  these  three  stations.  The  period  of  record  for 
these  stations  ranges  from  11  to  25  years. 

2.  Wind 

Prevailing  wind  direction  during  the  fall,  winter  and  spring  is  from  the  west; 
during  summer  the  prevailing  wind  direction  becomes  southeasterly.  Although 
the  mean  annual  wind  speed  at  A  Station  is  only  seven  miles  per  hour  (mph), 
wind  speeds  in  excess  of  87  mph  have  been  observed.  The  frequency 
distribution  of  wind  speeds  at  A  Station  is  shown  in  Table  III-l.  Spring  is 
the  windiest  period.  The  high  winds  are  usually  associated  with  a  low 
pressure  area  over  the  southwestern  United  States.  Strong  westerly  winds  keep 
minimum  temperatures  high  at  night  and  maximum  temperatures  down  during  the 
day.  The  westerly  winds  are  strongest  immediately  to  the  lee  (east)  of  the 
Organ  and  San  Andres  Mountains;  thus  the  wind  speed  at  A  Station  is 
consistently  higher  than  over  the  floor  of  the  basin.  High  winds  may  also  be 
associated  with  strong  downwash  gusts  from  thunderstorms. 

At  night,  drainage  winds  may  be  observed.  These  winds  are  light  and  variable 
and  flow  down  from  the  Organ  and  San  Andres  Mountains  toward  the  east  over  the 
western  half  of  the  range  and  from  the  Sacramento  Mountains  toward  the  west 
over  the  eastern  half  of  WSMR. 

3.  Precipitation 

Annual  amounts  of  total  precipitation  over  WSMR  vary  from  7  to  11  inches,  with 
55  percent  of  the  precipitation  occurring  between  June  and  September.  Table 
III-l  shows  the  mean  precipitation  by  month  (and  annual  mean)  for  A  Station, 
WSO  and  Stallion  weather  stations  and  the  mean  snow  depth  by  month  and  annual 
mean  for  A  Station.  April  is  the  driest  month,  whereas  July  and  August  are 
the  wettest.  Precipitation  is  significantly  higher  on  the  mountain  peaks  and 
averages  over  20  inches  annually.  The  greatest  24-hour  rainfall  (5.3  inches) 
occurred  at  the  White  Sands  National  Monument  on  21-22  September  1941.  The 
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^Period  of  Record:  25  years  for  A  Station;  13  years  for  WSD;  11  years  for  Stalli 


greatest  24-hour  rainfall  at  A  Station  was  4.2  inches  in  August  1959.  On  the 
average,  A  Station  has  85  days  per  year  with  a  trace  or  more  of  precipitation 
and  47  days  per  year  with  measurable  precipitation.  Annual  precipitation  at  A 
Station  has  varied  from  3.9  inches  in  1956  to  19.7  inches  in  1958.  A  Station 
has  gone  as  long  as  128  consecutive  days  without  even  a  trace  of 
precipitation,  and  each  year  has  at  least  20  consecutive  days  without  even  a 
trace.  The  average  probability  of  precipitation  at  WSMR  is  only  20  percent. 
WSMR  averages  43  thunderstorm  days  per  year  (Table  III-l). 

Thunderstorms  produce  highly  localized  rainfall  amounts  and,  while  one  station 
may  receive  only  a  trace,  another  range  station  may  become  locally  deluged. 
Thunderstorm  activity  is  more  frequent  in  the  afternoon  and  evening  hours  up 
to  midnight.  Hail  is  quite  rare  (due  to  the  high  freezing  level  in  summer) 
and  is  found  mostly  in  the  higher  elevation  of  the  mountains.  When  hail  does 
occur  its  average  diameter  is  0.25  inches.  Tornadoes  are  very  rare  and  only  a 
few  have  been  spotted  throughout  the  range's  history. 

Snow  occurring  on  the  range  usually  does  not  last  beyond  two  days.  Annual 
snowfall  amounts  at  A  Station  have  varied  from  a  trace  to  18.2  inches.  The 
synoptic  weather  pattern  most  favorable  for  snowfall  is  an  upper  air  low 
pressure  area  to  the  west  feeding  moist  southwesterly  flow  over  cold  air  at 
the  surface  of  the  Tularosa  Basin,  the  cold  air  having  resulted  from  an 
incursion  of  polar  air  from  the  east. 

4.  Cloud  Cover 

Mean  annual  24-hour  sky  cover  for  WSMR  is  36  percent  and  ranges  from  a  minimum 
of  25  percent  in  October  to  a  maximum  of  48  percent  in  July,  which  is  the 
cloudiest  month  due  to  convective  shower  activity.  Most  of  this  cloudiness 
occurs  from  noon  to  midnight  and  is  of  the  middle  and  high  varieties.  Table 
III-l  shows  the  mean  frequency  of  the  sky  coverage. 

5.  Visibility 

Visibility  is  generally  excellent  at  WSMR,  averaging  48-80  km  and  even  greater 
at  times.  Strong  northeast  winds  lasting  at  least  six  hours  may  cause  a 
considerable  amount  of  gypsum  particles  to  be  carried  from  the  White  Sands 
National  Monument  and  transported  south-southwestwardly,  causing  the 
prevailing  visibility  to  be  lowered  to  10  to  15  km  in  the  main  post  area. 

In  general  a  westerly  wind  clears  the  air  of  haze  particles.  However,  during 
periods  of  strong  west  winds,  considerable  blowing  dust  may  occur 
(particularly  during  the  dry  season)  and  may  temporarily  reduce  local 
visibility  to  less  than  two  km.  Visibility  is  usually  lower  in  the  late  night 
and  early  morning  hours  when  surface  inversion  develops,  thereby  trapping 
atmospheric  particulates  in  the  resultant  stable  layer.  By  late  morning  this 
inversion  breaks,  allowing  good  atmospheric  dispersion  and  subsequent 
visibility  improvement.  WSMR  averages  35  days  per  year  when  these  winds  cause 
visibility  to  be  less  than  10  km. 

Restriction  of  the  prevailing  visibility  due  to  fog  is  rare  at  WSMR  and 
usually  any  ground  fog  in  the  Tularosa  Basin  is  patchy  rather  than  a  general 
blanket  of  fog.  Fog  nearly  always  occurs  from  0300-0900  Mountain  Standard 
Time  (MST)  over  a  precipitation-soaked  ground  (or  snow  cover)  immediately 
following  partial  clearing  of  the  skies. 
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6.  Dust 


Blowing  dust  occurs  on  the  average  of  13  times  per  year  with  the  highest 
probability  of  occurrence  (45l»)  in  the  later  afternoon  hours  of  spring. 
Windborne  dust  is  twice  as  likely  to  occur  at  Holloman  Air  Force  Base  (AFB) 
than  at  A  Station,  due  to  Holloman's  location  to  the  leeward  site  of  the  White 
Sands  National  Monument.  Dust  storms  (defined  as  storms  causing  dust  to 
reduce  the  prevailing  visibility  to  under  one  km)  occur  on  the  average  of  one 
per  year  at  A  Station  and  six  per  year  at  Holloman;  the  probability  of  blowing 
dust  lasting  at  least  two  hours  at  Holloman  and  A  Station  is  50  percent. 

Samples  of  atmospheric  dust  have  been  collected  from  near  the  floor  of  the 
Tularosa  Basin  and  from  Salinas  Peak  and  Mule  Peak  (approximately  98  km  and  75 
km,  respectively,  from  A  Station).  Spectroscopic  analysis  of  these  samples 
has  revealed  that  the  composition  of  the  dust  is  a  function  of  particle  size. 
Particles  greater  in  size  than  1.0  micrograms  (ug)  are  principally  the  clay 
minerals  montmoril Ionite,  kaolinite  and  illite.  Secondary  constituents 
include  calcite,  quartz,  nitrate  and  hydrocarbons.  Particles  less  than  1.0  ug 
and  greater  than  0.1  ug  in  size  appear  to  be  principally  ammonium  sulfate. 
Little  is  known  about  the  composition  of  the  fraction  of  the  dust  less  than 
0.1  ug.  The  relative  composition  of  dust  greater  than  1.0  ug  exhibits  annual 
and  seasonal  variations  attributable  to  meteorological  conditions. 

7.'  Relative  Humidity 

Mean  annual  relative  humidity  at  WSMR  is  35  percent.  On  a  daily  basis,  the 
relative  humidity  reaches  a  maximum  of  50  percent  at  0600  MSt  and  a  minimum  of 
27  percent  around  1500-1600  MST.  During  very  dry  westerly  winds,  the  relative 
humidity  often  drops  below  10  percent. 

B.  Geology 

Much  of  the  following  information  concerning  geology  and  water  resources  was 
obtained  from  the  U.S.  Army  Corps  of  Engineers,  Fort  Worth  and  Albuquerque 
Districts(5,6). 


1.  Physiography  and  Regional  Geology  of  WSMR 

a.  Physiography 

White  Sands  Missile  Range  (WSMR)  is  located  in  the  southeasternmost  part  of 
the  Basin  and  Range  physiographic  provinces,  an  area  consisting  of  generally 
north-trending  elongated  mountain  ranges  and  high  mesas  separated  by  wide, 
very  gently  sloping  basins. 

The  east  and  northeastern  portions  of  WSMR  occupy  the  Tularosa  Basin.  The  San 
Andres  Mountains  lie  on  the  western  side  of  the  range  and  form  a  continuous 
chain  with  the  Oscura  Mountains  in  the  north-central  part  of  WSMR  separating 
the  Tularosa  Basin  from  the  Jornada  Del  Muerto  Basin  on  the  west.  Figures 
1 1 1-2  and  1 1 1-3  show  the  major  physiographic  features  in  the  WSMR  area. 

b.  Regional  Geology 

WSMR  is  located  within  the  geologic  feature  known  as  the  Rio  Grande  Rift.  The 
Rio  Grande  Rift  is  a  complexly  faulted,  elongated  strip  of  land  extending  from 
the  State  of  Colorado  southward  into  Mexico.  The  rift,  which  varies  in  width 
from  200  to  280  km,  is  a  structural  geologic  feature  produced  by  tensional 
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Figure  I I 1-3.  Cross  Section  of  the  Tularosa  Basin 


forces  in  the  earth's  crust.  Pulling  apart  of  the  crust  along  the  rift 
produced  a  number  of  long,  relatively  narrow,  mountain-sized  tilted  blocks  of 
layered  sedimentary  rock;  most  of  the  block  boundaries  are  delineated  by 
faults.  Some  of  the  fault  blocks  were  tilted  and  raised  to  high  elevations, 
forming  mountain  ranges,  while  other  fault  blocks  were  depressed  and 
subsequently  filled  with  great  thicknesses  of  deposits  derived  from  erosion  of 
the  adjacent  mountains.  WSMR  is  located  in  the  southern  portion  of  the  rift 
where  the  elongated  fault  block  mountains  are  composed  of  layered  sedimentary 
rock  from  Cambrian  to  Miocene  age,  and  the  intermontane  basins  are 
characterized  by  gently  sloping  alluvial  fan  deposits  adjacent  to  the  mountain 
ranges,  and  flat-lying  alluvial  plain  deposits  in  the  central  portions  of  the 
basins,  all  Quaternary  in  age.  A  few  scattered  masses  of  volcanic  rock 
extrusives  are  exposed  where  they  reached  the  earth's  surface. 

2.  Geology  of  the  GBFEL-TIE  Candidate  Sites 
a.  Stallion  Site 

The  Stallion  site  is  located  in  the  northwest  corner  of  WSMR  near  the  center 
of  the  Jornada  Del  Muerto  Basin.  The  relatively  flat,  featureless  basin  floor 
in  the  vicinity  of  this  site  is  interrupted  only  by  a  low  volcanic  intrusive 
mass  which  is  exposed  a  few  kilometers  southwest  of  the  site.  The  volcanic 
intrusive  mass,  known  as  the  Cerro  Colorado,  is  Eocene  to  early  Miocene  age, 
and  has  scattered  peaks  of  basaltic  porphyries  that  rise  a  maximum  of  91.4 
meters  above  the  basin  floor.  The  Stallion  site  is  underlain  by  Quaternary 
alluvial  material  consisting  of  heterogeneous  mixtures  of  sand,  clay  and  silt. 
The  materials  are  generally  very  fine  grained,  very  dense,  and  often 
interspersed  with  gypsum  crystals  and  carbonate  materials  (caliche).  Bedrock 
was  not  encountered  in  borings  to  61  meters.  No  significant  structural 
anomalies,  such  as  faulting,  were  detected  in  the  vicinity  of  the  Stallion 
site. 


b.  North  of  NASA  Site 

The  North  of  NASA  site  is  located  in  the  southwestern  part  of  WSMR  in  the 
Jornada  Del  Muerto  Basin.  The  site  is  situated  on  the  western  flank  of  the 
San  Andres  Mountains,  a  prominent  mountain  range  about  136  km  long  and  10  to 
27  km  wide,  separating  the  Jornada  Del  Muerto  Basin  from  the  Tularosa  Basin  to 
the  east.  Within  16  km  east  of  the  site,  San  Andres  Peak  rises  to  an 
elevation  of  1,597  meters  above  sea  level;  however,  within  a  short  distance 
from  the  crest  of  the  San  Andres  mountains  the  rocks  pass  beneath  the  Jornada 
Del  Muerto  Basin  floor,  a  desert  plain  that  resembles  the  floor  of  the 
Tularosa  Basin.  The  North  of  NASA  site  is  partially  underlain  by  Quaternary 
aged  alluvial,  deposits  consisting  of  unconsolidated  to  semi -consolidated 
sedimentary  material  eroded  from  the  adjacent  mountains.  The  gentle  slope  of 
the  site  away  from  the  mountains  suggests  that  the  site  is  situated  on  an 
alluvial  fan-type  deposit.  Alluvial  fan  deposits  generally  consist  of  poorly 
sorted,  gravelly,  silty  sand  or  sandy  silt,  with  generally  coarser  sediments 
found  nearer  the  source  area.  Scattered  isolated  remnants  of  sedimentary 
bedrock  (sandstone  and  limestone)  are  exposed  at  the  ground  surface  in  the 
eastern  portion  of  the  site  near  the  base  of  the  adjacent  mountains.  Abrupt 
changes  in  the  surface  exposures  indicate  the  presence  of  local  faulting 
within  the  exposed  bedrock  strata. 
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c.  Orogrande  Site 

The  Orogrande  site  is  located  in  the  southeast  corner  of  WSMR  about  13  km 
northwest  of  the  village  of  Orogrande.  The  geomorphic  setting  of  the  site  is 
within  the  Tularosa  Basin,  a  320  km  long  by  40-96  km  wide  .alluvial -filled 
intermontane  basin.  A  short  distance  to  the  east  of  the  Orogrande  site  an 
isolated,  low  range  of  mountains  known  as  the  Jarilla  Mountains  protrude 
abruptly  through  the  basin  floor  rising  a  maximum  of  about  366  meters  above 
the  surrounding  desert  floor.  The  Jarillas  are  only  about  16  km  long  and  10 
km  wide  trending  generally  north-south.  The  Orogrande  site  is  underlain  by 
generally  unconsolidated  Quaternary-age  alluvial  deposits  consisting 
predominantly  of  heterogeneous  layers  of  sand,  clay,  and  occasionally  silt, 
all  of  which  were  transported  from  the  adjacent  mountain  ranges  and  deposited 
on  the  basin  floor.  These  materials  are  generally  fine-grained,  dense,  poorly 
to  moderately  cemented,  and  contain  varying  amounts  of  calcium  in  the  form  of 
gypsum  crystals  or  scattered  pockets  of  caliche.  Bedrock  was  not  encountered 
in  borings  to  61  meters  in  depth.  Some  of  the  alluvial  materials  locally 
cemented  with  carbonate  materials  (caliche)  or  silica  are  well  developed  and 
have  the  characteristic  of  a  weak  bedrock.  The  only  significant  structural 
anomaly  of  the  Orogrande  site  is  the  suspected  presence  of  deep-seated 
faulting  beneath  the  alluvial  sediments.  The  significance  of  this  faulting, 
if  present,  will  be  discussed  below  under  seismic  considerations. 

At  the  turn  of  the  century,  the  Orogrande  Mining  District  was  formed  with 
limited  mining  development.  The  district  is  located  within  two  km  of  the 
eastern  boundary  of  WSMR  and  five  to  eight  km  east  of  the  Orogrande  site. 
Mining  activities  in  this  district  produced  primarily  gold,  silver,  copper, 
lead,  iron  and  turquoise.  Production  in  this  district  peaked  in  1916;  no 
production  has  occurred  since  1966. 

3.  Seismic  Considerations 
a.  General 

Seismic  waves  are  normally  generated  by  abrupt  slippages  along  faults  in  the 
crust  and/or  the  mantle  of  the  earth.  Earthquakes  are  seismic  waves  produced 
for  varying  lengths  of  time.  Risk  of  seismically-caused  damage  is  usually 
expressed  as  zonal  areas,  numbered  to  show  degree  of  risk.  The  risk  zones  of 
each  alternative  site  are  illustrated  in  Figure  III-4.  This  figure  delineates 
zones  of  differing  maximum  damage  which  can  be  expected  to  result  from 
individual  future  earthquakes.  This  figure  makes  no  prediction  of  the 
frequency  with  which  future  earthquakes  will  occur;  it  merely  indicates  the 
maximum  damage  to  be  expected  throughout  the  mapped  area.  The  zonal  values 
shown  are  based  upon  the  intensity  of  quakes,  which  is  a  measurement  in  terms 
of  the  effects  quakes  produce.  The  zones  are  defined  by  the  Modified  Mercalli 
Intensities  experienced  in  the  mapped  area  and  obtained  from  historical 
records.  Figures  III-5  and  III-6  delineate  the  horizontal  component  of 
acceleration  caused  by  earthquakes,  expressed  as  a  percent  of  the  acceleration 
of  gravity.  While  these  maps  are  not  seismic  risk  maps  in  the  same  sense  as 
that  of  Figure  III-4,  they  nevertheless  relate  to  seismic  risk  by  exhibiting 
the  property  of  acceleration  which  influences  the  amount  of  damage  which  will 
result  from  any  earthquake.  Figure  III-5  best  depicts  regional  conditions 
throughout  the  State  of  New  Mexico  and  beyond.  It  shows  relative  seismic  risk 
when  comparing  one  site  with  another  and  generally  confirms  the  risk  values 
shown  on  Figure  III-4.  Because  of  the  contouring  style  used.  Figure  III-6  is 
regarded  here  as  the  best  of  the  three  figures  for  indicating  that  portion  of 
New  Mexico  in  which  strong  seismic  activity  presently  originates. 
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Figure  III-5.  Horizontal  Components  of  Acceleration  Caused  by  Earthquakes. 
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HORIZONTAL  ACCELERATION  ( AS  PERCENT 
OF  GRAVITY)  IN  ROCk  WITH  90  PERCENT 
PROBABILITY  OF  NOT  BEING  EXCEEDED 
IN  50  YEARS. 

FROM  U.S.  GEOLOGICAL  SURVEY 
OPEN- FILE  REPORT  76-416,  1976 


Figure  111-6.  Site  Area  Horizontal  Components  of  Acceleration 
Caused  by  Earthquakes. 
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.b.  Stallion  Site 


The  Stallion  site  lies  on  the  southeastern  outer  edge  of  seismic  risk  zone  3 
(Figure  III-4).  Zone  3  is  an  area  in  which  Modified  Mercalli  Intensity  VIII 
earthquake  effects  can  be  expected.  Intensity  VIII  earthquake  effects  are 
defined  as:  "Damage  slight  in  specially  designed  structures;  considerable  in 
ordinary,  substantial  buildings,  with  partial  collapse;  great  in  poorly  built 
structures.  Panel  walls  thrown  out  of  frame  structures.  Fall  of  chimneys, 
factory  stacks,  columns,  monuments,  walls.  Heavy  furniture  overturned.  Sand 
and  mud  ejected  in  small  amounts.  Changes  in  well  water.  Persons  driving 
motor  cars  disturbed(5) ."  As  depicted  in  Figure  III-5,  Stallion  site  is 
located  immediately  southeast  of  the  10  percent  (of  gravity)  contour.  It  is 
located  on  the  boundary  of  the  area  of  30  percent  acceleration  (Figure  IH-6). 
No  fault,  either  known  or  inferred,  has  been  indicated  beneath  the  site(5). 
Therefore,  Stallion  site  could  at  some  time  in  the  future  be  impacted  by 
seismic  waves;  but,  it  appears  probable  that  little  to  no  damage  would  be 
expected  to  occur  to  well  designed  structures  at  the  site. 

c.  North  of  NASA  site 

The  North  of  NASA  site  is  situated  in  seismic  risk  zone  2  (Figure  III-4). 

Seismic  risk  zone  2  indicates  that  earthquake  effects  experienced  in  this  zone 

will  have  maximum  Modified  Mercalli  Intensities  of  VII.  Intensity  VII 
earthquakes  are  defined  as  follows:  "Everybody  runs  outdoors.  Damage 
negligible  in  buildings  of  good  design  and  construction;  slight  to  moderate  in 
well-built  ordinary  structures;  considerable  in  poorly  built  or  badly  designed 
structures;  felt  by  people  in  some  motor  cars(5)."  North  of  NASA  site  is 
located  in  an  area  in  which  horizontal  acceleration  from  earthquakes  can  be 
expected  to  be  less  than  four  percent  of  that  due  to  gravity.  This  site' is 
located  approximately  64  km  distant  (southeast)  from  the  four  percent  contour. 
No  known  or  inferred  faults  beneath  the  North  of  NASA  site  have  been 
indicated(5) .  It  appears  probable  that  very  little  to  no  damage  would  be 

expected  to  occur  to  well  designed  structures  at  the  site  due  to  seismic 

activity. 


d.  Orogrande  Site 

The  Orogrande  site  is  also  located  in  seismic  risk  zone  2  within  a  few  miles 
of  the  border  between  risk  zone  2  and  risk  zone  1  to  the  east.  It  should  be 
noted  that  the  boundary  between  seismic  risk  zones  1  and  2  is  not  easily 
discerned  on  Figure  III-4.  The  boundary  is  oriented  north-south  along  the 
meridian  of  lOS^W  longitude  through  all  but  the  northern  part  of  the  State  of 
New  Mexico.  The  defined  characteristics  of  Intensity  VII  earthquakes  were 
described  previously  under  8.3.C.,  North  of  NASA  site.  The  Orogrande  site  is 
situated  in  an  area  in  which  horizontal  accelerations  expected  to  occur  from 
earthquakes  would  be  less  than  four  percent  of  the  acceleration  of  gravity 
(Figure  III-5).  The  site  is  located  approximately  106  km  southeast  from  the 
nearest  four  percent  of  gravity  contour.  Figure  III-6  demonstrates  that,  of 
the  three  sites,  the  Orogrande  site  is  located  the  farthest  from  this  class  of 
gravity  contour.  An  inferred  fault  beneath  the  Orogrande  site  has  been 
indicated(5) .  This  fault,  if  it  is  actually  present,  does  not  indicate 
locally  increased  seismicity  purely  due  to  its  presence.  To  impact  the  area, 
such  a  fault  must  experience  active  movement  in  the  future.  No  historical 
earthquakes  of  notable  intensity  have  been  recorded  in  this  area.  However, 
the  facility  would  be  designed  to  withstand  Intensity  VIII  earthquakes. 
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C.  Soils 


The  United  States  Department  of  Agriculture,  Soil  Conservation  Service 
completed  a  soil  inventory  as  part  of  the  technical  assistance  furnished  to 
WSMR(7,8).  The  purpose  of  the  survey  was  to  determine  the  location  of  the 
different  soiT  types,  identify  uses  and  limitations  of  each  type  and  generally 
interpret  the  significance  of  each  association. 

Table  III-2  identifies  and  describes  the  eight  soil  types  found  within  the 
three  alternative  sites.  Soils  that  have  similar  profiles  are  categorized 
into  a  series.  All  of  the  soils  on  one  series  have  major  horizons  that  are 
similar  in  thickness,  arrangement,  and  other  important  characteristics. 

Figures  III-7  through  III-9  represent  the  site  areas  and  their  soil  types. 
Table  III-3  provides  the  percentage  of  soil  types  for  each  site  area.  Table 
III-4  presents  the  soil  suitabilities  and  limitations  for  various  activities 
for  each  soil  type  that  occurs  at  the  three  sites. 

According  to  Figures  II 1-8  and  I I 1-9,  the  dune  land  soil  type  is  dominant  at 
both  the  Orogrande  and  North  of  NASA  sites.  This  soil  type,  as  evident  from 
Table  III-4,  is  not  conducive  to  surface  water  storage  such  as  sewage  lagoons 
due  to  its  rapid  permeability.  Pond  liners  would  be  required  to  overcome  this 
problem.  Shallow  excavation  for  foundations  and  pipelines  would  encounter 
severe  sidewall  instability  and  potential  cave-in  as  well. 

The  three  dominant  soils  at  the  Stallion  site  (Onite  loamy  fine  sand,  Yesum 
Holloman  fine  sandy  loam  and  Berino  sandy  loam)  all  have  rapid  permeability  or 
solubility  requiring  mitigating  measures  for  surface  water  storage.  However, 
these  soils  have  good  capacity  for  shallow  excavations  and  building 
foundations  with  the  exception  of  the  severe  hazard  of  gypsum  to  concrete  in 
the  Yesum  soil  type. 

D.  Air  Quality 
1.  General 

The  quality  of  the  air  at  WSMR  is  very  good  relative  to  established  ambient 
air  quality  standards,  with  no  significant  difference  in  ambient  air  quality 
at  any  of  the  three  sites.  The  major  portion  of  the  main  range  is  located  in 
State  of  New  Mexico  Air  Quality  Control  Region  6,  with  the  northern  portion  of 
WSMR  in  Region  8.  New  Mexico  Air  Quality  Control  Region  6  includes  the  North 
of  NASA  and  Orogrande  sites  while  the  New  Mexico  Air  Quality  Control  Region  8 
includes  the  Stallion  site(9).  Regional  boundaries  are  shown  in  Figure  III-IO 
in  comparison  with  WSMR  boundaries.  All  air  quality  regions  in  the  state  are 
identified  as  to  whether  they  meet  Ambient  Air  Quality  Standards  for  five 
criteria  pollutants  which  are:  total  suspended  particulates  (TSP),  sulfur 
oxides  (SO  ),  carbon  monoxide  (CO),  nitrogen  oxides  (NO  )  and  ozone 
(0,).  New^Mexico  Ambient  Air  Quality  Standards  are  as  set  forth  in 
Regulation  Number  201  of  the  “Ambient  Air  Quality  Standards  and  Air  Quality 
Control  Regulations".  Federal  Ambient  Air  Quality  Primary  and  Secondary 
Standards  are  provided  by  the  National  Ambient  Air  Quality  Standards  (NAAQS) 
as  established  by  the  U.S.  Environmental  Protection  Agency  (USEPA),  Federal 
annual  standards  and  all  state  standards  are  not  to  be  exceeded,  while  Federal 
short  term  standards  are  not  to  be  exceeded  more  than  once  a  year . 

Volume  40  of  the  Code  of  Federal  Regulations  (CFR)  defines  the  Federal  ambient 
air  quality  primary  and  secondary  standards  as  follows:  "National  primary 
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Table  III-2 

Soil  Types  Found  at  the  Three  Sites 
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STAU.ION  RANGE  CENTER 


Figure  III-7.  Stallion  Soil  Types. 
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Table  III-3 


Acreage  and  Percentage  of  Soil  Types  by  Site  Area 


Site 

Soil  Type 

Acreage 

Percent* 

Orogrande 

Dune  Land  (DU) 

15,951 

99.8 

Berino  Sandy  Loam  (BD) 

40 

0.2 

Total  Acreage 

15,991 

North  of  NASA 

Dune  Land  (DU) 

12,928 

83.3 

Lozier  Stony  Loam  (LR) 

1,483 

9.6 

Rocky  Land,  Warm  (RL) 

42 

0.3 

Gilland  Rock  Outcrop  (GR) 

1,060 

6.8 

Total  Acreage 

15,513 

Stallion 

Yesum  Holloman  Fine  Sandy 

Loam  (YH) 

6,450 

37.4 

Onite  Loamy  Fine  Sand  (OB) 

7,323 

42.5 

Berino  Sandy  Loam  (BD) 

3.454 

20.0 

Total  Acreage  17^227 


*May  not  equal  100  due  to  rounding. 

Source:  U.S.  Army,  1985(1)  and  Geo-Marine,  Inc. 
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Table  I I 1-4 

Soil  Suitabilities  -  White  Sands  Missile  Range 
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BOLD  NUKBERS  •  Statft  R«gloii  Designations 
SHALL  NUMBERS  -  EPA  Region  Designations 


Figure  III-IO. 


State  of  New  Mexico  and  the  US EPA  Regional  Boundaries. 


ambient  air  quality  standards  define  levels  of  air  quality  which  the 
Administrator  judges  are  necessary,  with  an  adequate  margin  of  safety,  to 
protect  the  public  health.  National  secondary  ambient  air  quality  standards 
define  levels  of  air  quality  which  the  Administrator  judges  necessary  to 
protect  the  public  welfare  from  any  known  or  anticipated  adverse  effects  of  a 
pollutanf'dO) . 

The  State  and  Federal  standards  are  displayed  in  Table  III-5.  WSMR  is  within 
an  attainment  area  for  all  pollutants,  meaning  that  pollutants  do  not  exceed 
the  designated  air  quality  standards.  Particulates,  primarily  from  blowing 
dust,  are  generally  the  only  air  pollutants  of  any  concern  in  the  WSMR  area. 
High  levels  do  occur  temporarily  during  periods  of  high  winds.  Due  to  the 
remote  nature  of  the  range,  heavy  commuter  traffic  in  and  out  of  the  post  area 
during  rush  hours  can  also  be  a  source  of  temporary  air  pollution.  In 
general,  however,  the  low  concentrations  of  air  pollutants  in  the  WSMR  area 
can  be  attributed  to  the  absence  of  any  major,  continuous  emissions  and  good 
atmospheric  dispersion  conditions.  Good  atmospheric  dispersion  is  related  to 
wind  speeds, and  mean  maximum  mixing  depths  (MMD). 

The  MMD  is  the  height  at  which  the  unstable  air  mixes.  In  the  absence  of 
radiosonde  observations,  the  MMD  may  be  estimated  as  being  the  height  of  the 
bottom  of  the  low  altitude  cloud  layer.  The  MMD  varies  during  the  day  as  well 
as  from  season  to  season.  Variations  are  also  dependent  upon  the 
topographical  features  (e.g.,  mountains).  Vertical  dispersion  of  pollutants 
is  limited  by  the  ground  and  the  MMD;  therefore,  mixing  depths  are  essential 

in  estimating  the  amount  of  vertical  diffusion  of  pollution  in  the  atmosphere. 

Figure  IIT-ll  shows  the  MMD  for  the  United  States.  It  can  be  seen  from  this 
figure  that  WSMR  lies  in  a  region  of  high  I'fl'ID  in  comparison  to  the  rest  of  the 

United  States.  Computed  MMD  for  the  WSMR  vicinity  varies  from  580  meters 

(1900  ft)  above  ground  surface  in  December  to  about  3,100  meters  (10,200  ft) 
in  May. 

Data  from  the  state  network  of  monitoring  stations  on  pollutants  and  criteria 
for  New  Mexico  are  displayed  in  Table  III-6.  The  contributions  of  WSMR  to  air 
pollutant  levels  for  these  parameters  are  small(l). 

2.  Prevention  of  Significant  Deterioration 

The  purpose  of  USEPA's  Prevention  of  Significant  Deterioration  (PSD)  program 
is  to  assure  that  areas  in  attainment  continue  to  remain  within  standards. 
Under  the  PSD  program,  all  lands  are  divided  into  one  of  three  classes.  Class 
I  areas  have  air  that  is  pristine,  such  as  national  parks  and  wilderness 
areas,  and  almost  no  increase  in  air  contaminant  level  is  allowed.  Within  New 
Mexico,  eight  wilderness  areas  and  one  national  park  are  the  only  Mandatory 
Class  I  areas,  as  illustrated  in  Figure  III-12.  The  Stallion  site  is  within 
18  km  of  the  Bosque  del  Apache  NWR  and  the  San  Pascual  Wilderness  Area  is 
contained  within  the  Bosque  del  Apache  NWR(9). 

Class  II  areas  allow  moderate  development  and  Class  III  areas  allow  extensive 
growth.  All  of  the  candidate  sites  are  Class  II  areas.  In  New  Mexico  there 
are  no  Class  III  areas.  Table  III-7  contains  the  allowable  increments  of  air 
pollutants  by  class. 

E.  Noise 

At  WSMR,  sources  of  potentially  hazardous  occupational  noise  have  been 
surveyed  by  the  U.S.  Army  Environmental  Hygiene  Agency  (USAEHA)  in  1973,  1976 
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Table  III-5 

Ambient  Air  Quality  Standards 


New  Mexico 
Standard 

Federal 

Primary  Standard 

Federal 

Secondary  Standard 

Total  Suspended  Particulates  (TSP) 
24-hour  Average 

Annual  Geometric  Mean 

150  ug/m3* 
60  ug/m3 

260  ug/m3 

75  ug/m3 

150  ug/m3 

60  ug/m3 

Sulfur  Dioxide  (SOgj 

24-Hour  Average  ^ 

Annual  Arithmetic  Mean 

3-Hour  Average 

0.10  ppm** 
0.02  ppm 

0.14  ppm 

0.03  ppm 

365  ug/m3 

0.50  ppm 

Carbon  Monoxide  (CO) 

8-Hour  Average 

1-Hour  Average 

8.7  ppm 
13.1  ppm 

9.0  ppm 

35.0  ppm 

9.0  ppm 

35.0  ppm 

Ozone  (Ojx 

1-Hour'^Average 

0.06  ppm 

0.12  ppm 

40,000  ug/m3 

Nitrogen  Dioxide  (NOgj 

24-Hour  Average 

Annual  Arithmetic  Mean 

0.10  ppm 
0.05  ppm 

0.05  ppm 

100  ug/m3 

Lead  (Pb) 

Calendar  Quarterly  Arith.  Ave. 

1.50  ug/m3 

1.50  ug/m3 

*ug/m3  -  data  in  micrograms  per  cubic  meter 
**ppm  -  data  in  parts  per  million  by  volume 

Source;  New  Mexico  Health  and  Environment  Department,  1983  and  1984(9)  and 
Geo-Marine,  Inc. 
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(A)  Mean  Maximum  Mixing  Depth  in  Hundreds  of  Meters 
Above  Surface  During  Winter  {Dec,  |an,  Feb) 


(B)  Mean  Maximum  Mixing  Depth  in  Hundreds  of  Meters 
Above  Surface  During  Spring  (Mar,  Apr,  May) 


(C)  Mean  Maximum  Mixing  Depth  in  Hundreds  of  Meters 
Above  Surface  During  Summer  (Jun,  jut,  Aug) 


(D)  Mean  Maximum  Mixing  Depth  in  Hundreds  of  Meters 
Above  Surface  During  Fall  (Sep,  Oct,  Nov) 


Figure  III-ll.  Mean  Maximum  Mixing  Depth  (MMD)  for  the  United  States, 
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Figure  I I 1-1 2.  New  Mexico  Mandatory  PSD  Class  I  Areas 


Table  III-7 


Allowable  PSD  Increments 
Micrograms  per  cubic  meter  (ug/m3) 


Parameter _ 

Sulfur  Dioxide 
Annual 
24-Hour* 

3-Hour* 

Total  Suspended  Particulate  Matter 
Annual 
24-Hour* 


Class  I  Class  II  Class  III 


2 

20 

40 

5 

91 

182 

25 

512 

700 

5 

19 

37 

10 

37 

75 

*Not  to  be  exceeded  more  than  once  a  year 


Source:  New  Mexico  Health  and  Environment  Department,  1983  and 
1984(9) 


and  1980(1).  Identified  sources  from  these  surveys,  with  data  from  local 
surveys,  have  provided  an  inventory  of  noise  sources  which  is  presented  in 
Table  II 1-8.  The  majority  of  these  sources  includes  shop  tools,  generators, 
heavy  equipment,  woodworking  tools,  climatic  environment  machinery,  radar 
equipment  and  missile  systems  tests  on  the  main  post  and  range  areas,  which 
generate  occupational  noise  in  excess  of  85  decibels  on  the  A-weighted  scale 
(dBCA]).  Weapons  firings  and  supersonic  air  operations  produce  peak  noises  in 
excess  of  146  dB(A).  At  times,  these  noise  sources  can  be  heard  in  areas  off 
the  range. 

No  site  specific  noise  data  are  available  for  the  three  proposed  alternative 
sites.  Due  to  the  remoteness  of  the  areas,  no  major  noise  sources  other  than 
from  overflying  aircrafts  and  "sonic  booms"  are  presently  expected  to  occur  in 
these  areas.  The  Stallion  and  Orogrande  sites  experience  some  noises  from 
motor  vehicle  traffic. 

F.  Biological  Resources 

For  clarity,  the  biological  resources  discussion  is  further  divided  into  the 
following  seven  parameters:  (1)  vegetation,  (2)  reptiles  and  amphibians,  (3) 
fishes,  (4)  birds,  (5)  mammals,  (6)  threatened  and  endangered  species  and  (7) 
other  unique  and/or  environmentally  sensitive  areas.  Where  appropriate,  site 
specific  data  concerning  these  resources  are  provided  for  each  of  the  proposed 
project  sites. 


1.  Vegetation 

Data  gleaned  from  interpretation  of  recent  (1985)  color  infrared  aerial 
imagery  (scale  1:24,000)  and  from  recent  helicopter  and  preliminary  field 
reconnaissance  surveys  of  the  three  areas  were  used  to  delineate  and  describe 
the  habitat  types  at  each  site.  The  area  surveyed  and  mapped  also  included 
the  surrounding  areas  that  would  be  restricted  for  use  for  eye  safety 
purposes.  Visual  observations  were  made  from  the  helicopter  and  several  stops 
were  made  within  various  habitat  types  for  ground  truthing.  Point  intercept 
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Table  III-8 

Occupational  Noise  -  WSMR 


Noise  Level 


Location 

Branch  Element 

Noise  Source 

(dbCA]) 

Facilities  Engineering  Directorate: 

1531 

Sanitation 

Pulverizer 

102 

1737 

Precision  Machine 

Small  and  Large  Bandsaw 

90-99 

1740 

Heavy  Equipment 

Grader,  Crane,  Tractor 

99-108 

1741 

Refrigeration,  Heating 

Compressor 

96 

and  Plumbing 

1742 

Paint 

Paint  Booth 

87-89 

Metal  Bandsaw 

91-96 

1751 

Welding  and  Sheet  Metal 

Arc  Welder  and 

92 

Local  Exhaust  Hood 

1754 

Carpentry 

Woodworking  Tools 

110 

1764 

Preventive  Maintenance 

Metal  Cutting  Saw 

100 

Skillsaw 

30740 

Carpentry  and  Heavy 

Various  Saws,  Grader 

90-108 

Equipment 

and  Tractors 

34230 

Heavy  Equipment 

Grader,  Tractors, 

95-108 

Earthmovers 

34244 

Carpentry 

Various  Saws 

90-108 

Logistics  Directorate: 

TE  1644 

Electronic  Maintenance 

Machinery,  Various  Saws 

85-106 

Ultrasonic  Cleaner, 

Paint  Booth 

TM  1753 

Heavy  Equipment 

Vehicular  Noise, 

90-108 

Maintenance 

Pneumatic  Tools 

1783 

Paint 

Ventilation  System 

97 

1784 

Paint 

Ventilation  System 

87 

1788 

Tire  Shop 

Pneumatic  Tools, 

99-118 

Vehicular  Noise 

1789 

Body  Repair 

Pneumatic  Tools 

95-125 

1790 

Generator  and  Fast 

Generators,  Pneumatic 

85-110 

Automotive 

Tools,  Vehicular  Noise 

1794 

General  Vehicle 

Vehicular  Noise, 

90-104 

Maintenance 

Pneumatic  Tools 

30735 

Heavy  Vehicle  Maintenance 

Vehicular  Noise 

110 

34240 

Heavy  Vehicle  Maintenance 

Vehicular  Noise 

no 

34250 

Heavy  Vehicle  Maintenance 

Vehicular  Noise 

no 

ST1785 

POL 

Vehicular  Noise 

95 

1827 

Warehouse 

Forklift 

95 

1837 

Warehouse 

Forklift 

95 

21547 

Liquid  Propellant 

Vehicular  Noise 

95 

WS.00025 

Solid  Propellant 

Vehicular  Noise 

95 

30725 

POL 

Vehicular  Noise 

95 

34210 

POL 

Vehicular  Noise 

95 

SR680 

Commissary 

Meat  Saws 

96 

TT1848 

Packing  and  Crating 

Various  Saws 

90-118 

Personnel  and  Community  Activities: 

1338A 

Morale  Support 

Golf  Course  Maintenance 

88-93 

and  Equipment 

Troop  Command: 

Firing 

S4 

Weapons  Firing 

156  peak 

Range 

143 

S4 

Power  Tools 

104 

418 

S4 

Power  Tools 

104 
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Table  III-8  (cont'd) 
Occupational  Noise  -  WSMR 


Location 

Branch  Element 

Army  Material  Test 

1534 

19447 

Dynamics 

Dynamics 

20836 

Dynamics 

20849 

Dynamics 

20850 

Dynamics 

1544 

Climatic  Environment 

21130 

21562 

21564 

27104 

27188 

LC-33 

SMR 

LC-32 

Climatic  Environment 
Climatic  Environment 
Climatic  Environment 
Climatic  Environment 
Climatic  Environment 
Land  Combat 

Land  Combat 

Air  Defense 

LC-38 

Air  Defense 

LC-50 

Air  Defense 

Army  Aii 

HAFS 

HAFS 

N«  Range 

Army  Air  Operations 
Holloman  AFS  Operations 

Noise  Level 


Noise  Source 

(dbCA]) 

Evaluation  Directorate: 

Environmental  Shake  Table 

91-105 

Diesel  Generators, 

91-105 

Hydraulic  Pump 

Diesel  Generators, 

91-105 

Hydraulic  Pump 

Diesel  Generators, 

91-105 

Hydraulic  Pump 

91-105 

Diesel  Generators, 

91-105 

Hydraulic  Pump 

Machinery,  Compressor 

88—103 

and  Vehicular 

Conrad  Climatic  Chamber 

85-93 

Conrad  Climatic  Chamber 

85-93 

Conrad  Climatic  Chamber 

85-93 

Conrad  Climatic  Chamber 

85-93 

Conrad  Climatic  Chamber 

85-93 

Weapons  Firings 

87  in  cab 

Weapons  Firings 

185  peak 

Weapons  Firings, 

90-103 

Generators,  Radar 

Weapons  Firings, 

90-102 

Generators,  Radar 

Weapons  Firings 

146  peak 

Directorate: 

Aircraft 

93-115 

Aircraft 

143-146 

Sonic  Boom 

peak 

USA  Communications  Command: 


1408 

King  I 

Rhodes 

Canyon 

Clark  Site 

Oscura 

Range  Camp 

J-9 

Andre 

Salinas 

Peak 

Stallion 


Support 

Operation  &  Control 
Operation  &  Control 

Operation  &  Control 
Operation  &  Control 

Operation  &  Control 
Operation  &  Control 
Operation  &  Control 

Operation  &  Control 


Ultrasonic  Cleaner 
1000  Cycle  Tone 
1000  Cycle  Tone 

1000  Cycle  Tone 
1000  Cycle  Tone 

1000  Cycle  Tone 
1000  Cycle  Tone 
1000  Cycle  Tone 

1000  Cycle  Tone 


92 

92-103 

92-103 

92-103 

92-103 

92-103 

92-103 

92-103 

92-103 


Atmospheric  Science  Laboratory: 


1623 

Computer 

21925 

Electronic 

Electronic 

1624 

Air  Defense 

23638 

Technology  &  Advanced 

Concepts 

Field 

Air  Defense 

Transmit¬ 

Air  Defense 

ter  Vans 

Computer 

Radar 

Warfare  Laboratory: 

Electronic  Jammers 
Vehicular  and  Equipment 
Noise 

Generators 
Transmitter  Vans 


87 

92 


88 

85-100 

85-104 

95 
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transects  were  made  at  various  locations  to  obtain  plant  species  composition 
and  an  indication  of  density.  The  transects  consisted  of  200  paces,  and  a 
plant  was  identified  and  recorded  when  the  basal  area  intercepted  a  mark  on 
the  right  toe.  Voucher  specimens  of  several  species  were  collected  for 
further  verification.  The  various  communities  identified  during  this  task  are 
described  below.  Since  the  visual  observations  and  ground  truthing  were  made 
at  the  North  of  NASA  site,  the  orientation  of  the  target  range  and  the 
restricted  use  zone  were  rotated  to  the  southwest.  This  rotation  changed  the 
range  from  a  rugged  more  mountainous  terrain  toward  a  basin  desert  plain 
terrain  and  provided  additional  displacement  from  the  San  Andres  NWR. 
Vegetation  types  in  this  replacement  area  were  established  strictly  from  photo 
interpretation  of  the  color  infrared  aerial  imagery  and  are  without  benefit  of 
ground  truthing. 


a.  Stallion  Site 

The  landscapes  at  the  Stallion  site  comprise  nearly  level  to  undulating  low 
dunelike  areas.  Slight  depressions  and  poorly  defined  drainageways  are 
intermingled  throughout  the  area.  For  the  most  part  the  vegetative 
communities  on  a  specific  landscape  are  relatively  homogeneous.  As  can  be 
seen  from  Figure  III-13,  four  major  habitat  types  are  within  the  Stallion 
site.  The  sand  sagebrush-soaptree  yucca  community  occupies  the  undulating  low 
dunelike  areas.  Sand  sagebrush  (Artemisia  filifolia)  and  soaptree  yucca 
(Yucca  elata)  characterizes  this  plant  community.  Other  predominant 
species  include  giant  dropseed  (Sporobolus  qiqanteus),  mesa  dropseed 
(Sporobolus  flexuosus),  sand  dropseed  (Sporobolus  cryptandrus)  and 
black  grama  (Soutelou'a  eriopoda) ,  Threeawn  (Aristida  spp.)  is  a  common 
associate;  however,  this  species  also  occurs  extensively  in  a  small  area 
immediately  south  of  Stallion  airstrip.  Other  common  associates  include  broom 
snakeweed  (Xanthocephalum  sarothrae),  four-wing  saltbush  (Atriplex 
canescens).  Mormon  tea  (Ephedra  tdrreyana)  and  Broompea  (Dalea 
scoporia) . 

The  smaller  sand  sagebrush  communities  that  occur  south  and  southeast  of  the 
Stallion  site's  north  boundary  are  comprised  of  similar  species;  however, 
mesquite  (Prosopis  juliflora)  is  common  on  low  dunes  and  sand  sagebrush  is 
more  abundant.  Other  associate  species  occur  less  frequently  except  for  bush 
mulhy  (Muhlenberqia  porter i)  which  increases  in  this  community. 

The  alkali  sacaton-tobosa  grasslands  occur  on  the  nearly  level  landscapes, 
drainageways  and  depressions.  Predominant  species  in  this  community  are 
alkali  sacaton  (Sporobolus  airoidesK  tobosa  (Hilaria  mutica), 
burrograss  (Schlkeropogon  brevifolius) .  bush  muhly.  Ear  muhly 
(Muhlenberqia  arenacea),  fluff grass  (Tridens  pulchellus)  and  mesa 
dropseed.  Other  common  associates  that  are  included  in  the  site  are  four-wing 
saltbush,  broom  snakeweed  and  scattered  plants  of  Mormon  tea,  verbena 
(Verbena  spp.),  globemallow  (Sphaeralcea  subhastata)  and  broompea.  The 
ground  cover  of  the  alkali  sacaton-tobosa  site  is  typically  patchy  and  in 
places  up  to  85  percent  bare  ground  may  be  exposed.  The  grassland  communities 
are  the  most  productive  habitat  types  that  occur  at  WSMR  and  support  numerous 
important  game  and  non-game  species. 

The  inert  areas  illustrated  in  Figure  III-13  are  Warhead  Impact  Target  (WIT) 
areas.  These  areas  are  periodically  cleared  and  graded  so  that  the  majority 
of  the  time  the  ground  is  barren  and  biologically  nonproductive. 
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Figure  III-13.  Vegetation  Types  of  the  Stallion  Site. 


b.  North  of  NASA  Site 


The  North  of  NASA  site  is  comprised  primarily  of  mesquite-sand  dune  habitat 
and  hills-grassland  habitat.  About  50  percent  of  the  mesquite  sand  dune  area 
is  covered  by  coppice  dunes  formed  by  the  drifting  sand  around  mesquite. 
Four-wing  saltbush.  Mormon  tea  and  soaptree  yucca  occur  in  the  outer  margin  of 
a  few  dunes.  Broom  snakeweed  and  broompea  occur  in  the  interdune  area.  Other 
plants  that  are  widely  scattered  within  the  interdune  area  include  sand 
sagebrush  (Reverchonia  arenaria)  and  Rumex  sp.  Grasses  are  nearly 
eliminated  due  to  the  strong  competition  of  the  mesquite  for  available 
moisture;  however,  in  places  some  of  the  interdune  areas  will  include  a  few 
plants  of  giant  dropseed,  mesa  dropseed  and  plains  bristle  grass  (Setaria 
macrostchya) . 

The  hills-grassland  area  occupies  the  foot  hills  and  steep  slopes  along  the 
eastern  part  of  the  North  of  NASA  site.  Approximately  50  to  60  percent  of  the 
area  is  bare  rock-outcrop.  The  principal  grass  community  consists  of  black 
grama,  side-oats  grama  (Bouteloua  curtipendula).  mesa  dropseed  and 
threeawn.  Other  plants  include  tobosa,  fluffgrass,  American  tarbush 
(Flourensia  cernua).  broom  snakeweed,  cresotebush  (Larrea  tp'dentata). 
four-wing  saltbush,  ocotillo  (Fouquieria  splendens)  and  century  plant 
(Agave  parryi ) . 

As  can  be  seen  in  Figure  III-14  smaller  plant  communities  also  occur 
sporadically  throughout  the  North  of  NASA  area.  The  shrub-grassland  areas  are 
on  low  hills  in  the  central  part  of  the  area.  Vegetation  is  sparse  and  is 
dominated  by  shrubs  that  include  cresotebush,  American  tarbush,  broom 
snakeweed,  rubber  bush  (Parthenium  incanum)  and  to  a  lesser  extent 
ocotillo,  soaptree  yucca  and  narrow  leaf  coldenia  (Coldenia  hispidissima) . 
Black  grama,  fluffgrass,  bush  muhly  and  burrograss  are  the  principal  grasses 
growing  on  this  site.  Bare  rock  outcrop  comprises  25  to  45  percent  of  the 
shrub  grassland  areas. 

The  juniper-sand  habitat  occurs  in  the  northern  part  where  deep  sands  have 
formed  a  landscape  in  small  valleys  that  are  surrounded  by  steep  hills. 

Juniper  trees  (Juniperus  monosperma)  that  reach  a  height  of  more  than  five 
meters  characterize  the  site.  The  remaining  plant  coimnunity  consists  of 
four-wing  saltbush,  broom  snakeweed,  mesquite,  walkingstick  cholla  (Opuntia 
imbricata) .  little  leaf  sumac  (Rhus  microphylla)  and  groundsel 
(Senecio  sp.).  Due  to  wind  erosion,  barren  sands  comprise  30  to  60  percent 
of  the  area.  In  areas  somewhat  protected  from  the  wind,  scattered  grasses  are 
growing  and  include  sand  dropseed,  mesa  dropseed,  bush  muhly  and  threeawn. 

Arroyo-riparian  habitat  occurs  along  the  Horse  Camp  Draw  and  tributaries  in 
the  northern  part  of  the  North  of  NASA  site.  The  trees  and  shrubs  that  are 
common  in  this  habitat  include  mesquite,  rubber  rabbitbush  (Chrysothamnus 
nauseosus),  white  desert  willow  (Chilopsis  linearis)  and  Apache  plume 
(Falluqia'  paradoxa).  Grasses  growing  in  this  habitat  are  sand  dropseed, 
mesa  dropseed,  black  grama,  bush  mulhy  and  threeawn.  Other  arroyo  riparian 
habitats  are  common  along  New  Well  Draw  and  smaller  drainages;  however,  these 
communities  are  not  delineated  due  to  their  narrow,  linear  shape. 

Near  the  eastern  end  of  the  project  area,  several  small  (<l-2  acres)  stands  of 
oak  trees  exist,  particularly  near  the  base  of  larger  hills.  The  western 
scrub  oak  (Quercus  turbinella)  and  little  leaf  sumac  were  the  dominant 
species  in  these  communities.  Unfortunately,  because  of  their  small  areal 
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extent  and  sporadic  occurrence,  these  communities  could  not  be  delineated  on 
Figure  III-14. 

The  western  section  of  the  range  and  restricted  use  zone  is  primarily 
mesquite-sand  dune  vegetation.  Interpretation  of  aerial  imagery  seems  to 
indicate  an  occasional  influx  of  creosote  bush  and  American  tarbush  into  this 
habitat.  As  stated  earlier,  this  indication  was  not  visually  verified. 

c.  Orogrande  site 

The  majority  of  the  Orogrande  site  is  comprised  of  mesquite-sand  dune  habitat. 
Sand  dunes  attaining  heights  of  up  to  five  meters  have  formed  around  mesquite 
plants  and  make  up  to  50  percent  of  the  habitat.  Associates  that  occur 
sporadically  in  the  sand  dunes  or  their  outer  margins  include  four -wing 
saltbush,  sand  sagebush,  soaptree  yucca  and  Mormon  tea.  Soaptree  yucca 
becomes  more  common  in  the  northern  part  of  the  area.  The  interdune  areas  are 
barren  except  for  scant  amounts  of  vegetation.  The  dominant  plants  within  the 
interdune  area  consist  of  broom  snakeweed,  sand  dropseed,  mesa  dropseed  and 
plains  yellow  flax  (Linum  aristatus  var.  australe) .  A  significant 
amount  of  seasonal  forbes  may  grow  in  the  interdune  area  following  periods  of 
summer  rainfall . 

Scattered  at  various  locations  throughout  the  Orogrande  site  are  sand 
sagebrush  communities.  The  largest  area  of  this  habitat  occurs  near  the 
southern  boundary  as  shown  in  Figure  III-15.  Other  than  sand  sagebrush,  the 
few  other  sporadic  associates  that  occur  on  this  site  include  mesquite, 
soaptree  yucca,  broom  snakeweed,  sand  dropseed,  mesa  dropseed,  desert  marigold 
(Baileya  multiradiata)  and  Russian  thistle  (Salsa  kali ) . 

All  habitats  may  contain  a  few  scattered  plants  of  creosotebush; ,  however, 
near  the  southwest  corner  of  the  Orogrande  site  two  areas  consist 
predominantly  of  creosotebush.  Broom  snakeweed  is  a  close  associate  with  the 
creosotebush.  Other  associates  that  are  scattered  throughout  the  site  include 
mesquite,  soaptree  yucca  and  sand  sagebrush. 

Small  areas  that  are  predominantly  broom  snakeweed  also  may  occur  in  all 
habitats.  Most  of  these  areas  are  too  small  to  show  on  Figure  III-15.  In 
addition  to  broom  snakeweed,  other  plants  in  this  habitat  include  four-wing 
saltbush,  mesquite  and  mesa  dropseed. 

Numerous  small  playas  (depressions)  occur  in  the  northern  part  of  the 
Orogrande  site  and  support  grassland  communities.  Most  of  the  areas  are  too 
small  to  show  on  Figure  III-15.  The  dominant  grasses  are  vine  mesquite 
(Panicum  obtusum),  tobosa,  alkali  sacaton  and  bush  muhly.  Common 
associates  include  broom  snakeweed  and  scattered  plants  of  four-wing  saltbush 
and  mesquite.  Horse  nettle  (Solanum  eleagnifolium)  and  milkweed 
(Asclepias  sp.)  also  occur  in  some  areas. 

2.  Reptiles  and  Amphibians 

Since  amphibians  normally  require  water  or  extreme  moisture  during  the  early 
stages  of  their  life  cycle  and  surface  water  resources  on  WSMR  are  limited, 
amphibian  populations  on  WSMR  are  also  restricted.  The  U.S.  Army(l)  listed 
only  one  salamander,  the  barred  tiger  salamander  (Ambystoma  tiqrinum 
marvortium),  that  may  inhabit  WSMR.  This  salamander  requires  stock  tanks  or 
temporary  ponds  and  pools  in  the  mountains  or  lowlands.  Potential  habitat  for 
the  barred  tiger  salamander  probably  exists  in  the  eastern  portion  of  the 
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Figure  I I 1-15.  Vegetation  Types  of  the  Orogrande  Site, 


North  of  NASA  site;  however,  it  is  unlikely  that  suitable  habitat  occurs  at 
the  other  two  sites,  based  upon  a  recent  reconnaissance  of  the  three  sites. 

The  only  other  amphibians  listed  by  the  U.S.  Army(l)  as  commonly  occurring 
were  Couch's,  western  and  plains  spadefoot  toads  (Scaphiopus  couchi, 
hammondi ,  S.  bombifrons,  respectively).  Potential  habitat  for  each 
species  occurs  at  all  three  sites. 

Reptiles,  on  the  other  hand,  comprise  a  very  abundant  and  diverse  group  of 
wildlife.  Table  III-9  presents  those  reptilian  species  presumed  to  be  common 
within  WSMR,  as  well  as  their  potential  to  occur  at  each  site  based  upon  each 
species'  habitat  needs.  As  can  be  seen  from  this  table,  the  North  of  NASA 
site  has  the  greatest  potential  to  support  a  diverse  population  of  reptiles, 
primarily  because  of  the  variety  of  habitats  that  occur  in  this  area. 

3.  Fishes 

The  only  fish  reported  to  occur  within  WSMR  is  the  White  Sands  pupfish 
(Cyprinodon  tularosa).  This  small  fish  is  endemic  to  the  Mai  pais  and 
Mound  springs  and  Salt  Creek  drainage  basin,  and  has  recently  been 
rediscovered  in  Lost  River(ll, 12,13).  The  Orogrande  site  which  is  about  47  km 
south  of  Lost  River,  is  the  closest  of  the  three  alternative  sites  to  any  of 
the  potential  White  Sands  pupfish  habitat.  In  addition,  the  Stallion  and 
North  of  NASA  sites  are  separated  from  potential  pupfish  habitat  by  mountain 
ranges. 


4.  Birds 

Although  no  specific  survey  for  birds  has  been  conducted  for  WSMR,  a  total  of 
312  species  is  presumed  to  occur  within  the  range! 1).  This  large  number  of 
species  is  due  primarily  to  the  very  diverse  habitat  types  that  occur  within 
WSMR.  Common  passerine  birds  that  are  expected  to  occur  at  the  Stallion  and 
Orogrande  sites  include  the  northern  mockingbird;  Chihuahuan  raven;  cactus, 
rock  and  Bewick's  wrens;  curve-billed  thrasher;  loggerhead  shrike; 
rufous-sided  and  brown  towhees;  white-crowned,  vesper,  blackthroated  and  sage 
sparrows;  lark  bunting;  and  house  finch.  In  addition  to  these  species,  the 
North  of  NASA  site  also  probably  supports  the  scrub  and  pinon  jays;  canyon 
wren;  Virginia's,  yellow-rumped  and  Wilson's  warblers;  green-tailed  towhee; 
and  rufous -crowned  sparrow. 

Insectivorous  birds  common  to  each  alternative  site  include  ladder-backed 
woodpecker,  Say's  phoebe,  ash-throated  flycatcher,  western  kingbird,  horned 
lark  and  lesser  nighthawk.  The  common  nighthawk  also  probably  occurs  at  the 
Stallion  site.  The  North  of  NASA  site  contains  suitable  habitat  for  the 
following  additional  insectivorous  species:  (1)  common  poor-will;  (2) 
northern  flicker;  (3)  Cassin's  flycatcher;  (4)  violet-green  swallow;  (5) 
blue-gray  gnatcatcher;  and  (6)  western  bluebird. 

The  northern  harrier  and  red-tailed  hawk  are  the  two  raptors  that  commonly 
occur  near  the  Orogrande  site.  In  addition  to  these  two,  the  Stallion  and 
North  of  NASA  sites  provide  suitable  habitat  for  ferruginous  hawk,  golden 
eagles  and  American  kestrels.  Swainson's  hawk  occurs  at  each  of  the  sites; 
however,  this  is  a  rare  species  and  is  presently  being  reviewed  by  the  U.S. 
Fish  and  Wildlife  Service  (USFWS)  for  potential  listing  as  a  threatened  or 
endangered  species.  Additionally,  falcon  eyries  have  recently  been  discovered 
along  the  Oscura  Mountains  near  the  Stallion  site,  although  it  is  presently 
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Potential  Occurrence 
at  Each  Site* 

Species _ Habitat  Use  Areas  _ Stallion  NASA  Orogrande 
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Western  coachwhip  desert,  brushland,  and  woodland  in  sparse  vegetation  on 

(Masticophis  flagellum  testaceus)  flat  or  hilly,  sandy  or  rocky  soil 

Painted  desert  glossy  snake  open  areas  in  chaparral  and  grassland,  light  brushy  to 

(Arizona  elegans  phi  1 1 ipi )  barren  desert,  sagebrush  flats,  and  woodland  on  sandy 

or  loamy  soils  with  rocks 
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not  known  which  species  of  falcons  (i.e.,  peregrine  or  prairie)  constructed 
the  nests(14). 

Semi -permanent  water  exists  seasonally  at  Orogrande  and  Stallion  sites  in 
playa  lake  beds  which  fill  seasonally.  A  variety  of  waterfowl  (i.e.,  dabbling 
ducks  and  coots)  may  be  observed  during  spring  migration. 

Gambel's  and  scaled  quail  are  common  resident  upland  game  species  that  *are 
presumed  to  occur  at  all  three  sites.  The  scaled  quail  is  probably  more 
abundant  near  the  Stallion  site,  however,  since  it  prefers  arid  grasslands. 

The  mourning  dove  is  also  an  upland  game  species  which  occurs  at  each  proposed 
site,  although  the  doves  frequent  WSMR  only  during  the  summer  months.  The 
extreme  eastern  portion  of  the  North  of  NASA  site  may  provide  suitable  habitat 
for  the  wild  turkey.  Although  this  species  is  known  to  breed  and  nest  within 
WSMR,  turkeys  are  infrequently  observed  and  are  considered  by  the  U.S.  Army(l) 
to  be  rare. 


5.  Mammals 

A  total  of  104  mammalian  species  is  known  or  presumed  to  occur  at  WSMR,  five 
of  which  have  been  introduced  by  man;  house  mouse  (Mus  musculus),  Norway 
rat  (Rattus  norvegicus),  domestic  horse  (Equus  caballus).  Barbary 
sheep  (Ammotraqus  lervia)  and  gemsbok  (Oryx  qazella).  The  remaining 
99  species  represent  approximately  69  percent  of  the  mammals  which  have  been 
recorded  from  the  State  of  New  Mexico(l,12,13,15,16). 

The  majority  of  mammals  (in  both  numbers  and  number  of  species)  is  comprised 
of  smaller  rodents  and  insectivorous  mammals.  These  species  largely  comprise 
the  basis  of  the  food  supply  for  larger  carnivores,  including  the  raptors 
discussed  previously.  Numerous  species,  such  as  Ord's  and  Merriam's  kangaroo 
rats  (Dipodomys  ordii  and  D.  merriami .  respectively),  black-tailed 
jackrabbH  (Lepus~cTrifornTcus),  desert  cottontail  (Sylvilaqus 
audubonii )  and  cactus  mouse  (Peromyscus  eremicus  eremicus).  occur  in 
or  near  each  alternative  site.  However,  the  densities  of  such  species  vary 
greatly  among  habitats  and  appear  to  reach  a  maximum  within  sand  grasslands 
such  as  those  that  occur  at  the  Stallion  site.  Other  small  mammals  that 
presumably  occur  within  the  three  sites  are  presented  in  Table  III-IO. 

The  bobcat  (Lynx  rufus),  coyote  (Canis  latrans)  and  kit  fox  (Vulpes  . 
macrotis)  are  common  large  predators  found  at  each  site.  The  mountain  lion 
(Pel is  concolor)  and  gray  fox  (Urocyon  cinereoarqenteus  scottii )  are 
other  large  predators  that  probably  occur  within  or  near  the  North  of  NASA 
site;  however,  the  mountain  lion  is  extremely  secretive  and,  thus, 
infrequently  observed.  The  New  Mexico  Department  of  Game  and  Fish  is 
currently  conducting  a  multi-year  study  on  the  ecology  of  the  mountain  lion 
population  in  the  San  Andres  Mountains.  This  study  involves  monitoring  of 
mountain  lions,  mule  deer  and  bighorn  sheep  by  radio  telemetry  and  aerial 
reconnaissance  and  is  currently  funded  through  1991. 

All  three  sites  also  provide  potentially  suitable  habitat  for  two  other 
carnivores:  badger  (Taxidea  taxus  berlandieri)  and  striped  skunk 
(Mephitis  mephitis  varians). 

Pronghorn  (Antilocarpa  americana)  occur  at  the  Stallion  site;  gemsbok 
(oryx)  are  common  at  the  Orogrande  and  Stallion  sites.  To  a  lesser  extent, 
gemsbok  also  occur  at  the  North  of  NASA  site.  Both  of  these  species  are  large 
game  mammals  that  are  hunted  within  special  hunt  areas  at  WSMR.  Pronghorn  and 
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Oeer  mouse  all  habitat  types 

(Peromyscus  maniculatus  blandus) 

White-footed  mouse  woody  or  brushy  areas  preferred,  sometimes  open  areas 

(Peromyscus  leucopus  torni llo) 
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Bats  and  Rodents  Commonly  Occurring  at  WSMR 
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gemsbok  hunts,  however,  are  conducted  only  in  years  of  good  production.  A 
limited  number  of  permits^^  are  granted  to  applicants,  which  are  selected 
through  a  lottery  system.*  Ten  pronghorn  permits  were  granted  in  1985  and 
about  20  for  the  1986  season(13).  Gemsbok  permits  are  also  granted  through  a 
lottery  system.  A  total  of  75  permits  was  granted  in  1985,  all  but  two  of 
which  were  filled;  the  permits  granted  for  the  1986  season  increased  to 
100(13). 

Mule  deer  (Odocoileus  hemionus)  and  black  bear  (Ursus  americanus)  are 
large  game  species  with  previously  healthy  populations  within  WSMR(1,15).  Due 
to  reduced  populations,  however,  mule  deer  hunts  within  WSMR  have  not  been 
allowed  since  1982.  Black  bear  populations  have  been  so  drastically  reduced 
that  black  bears  are  now  considered  rare  and  only  a  transient 
species(l,13,15) .  Suitable  habitat  for  these  two  species  occurs  in  the  Oscura 
Mountains  east  of  the  Stallion  site  and  in  the  San  Andres  Mountains  east  of 
the  North  of  NASA  site.  Presently,  healthy  (but  not  harvestable)  populations 
of  mule  deer  occur  in  both  mountain  ranges. 

6.  Threatened  and  Endangered  Species 

Information  concerning  threatened  or  endangered  species  which  could 
potentially  be  affected  by  the  proposed  GBFEL-TIE  project  was  requested  from 
the  U.S.  Fish  and  Wildlife  Service  (USFWS)  in  Albuquerque  and  the  New  Mexico 
Department  of  Game  and  Fish  (Santa  Fe).  Responses  to  these  letters  are 
contained  in  Appendix  A,  Correspondence. 

Seven  species  listed  by  the  USFWS  as  threatened  or  endangered  were  reported  to 
occur  in  or  near  WSMR.  These  seven  are  the  Lloyd  hedgehog  cactus 
(Echinocereus  Iloydii).  Sneed  pincushion  cactus  (Corypantha  sneedi 
var.  sneedl),  whooping  crane  (Grus  americana),  bald  eagle  (Haliaeetus 
leucocephalus),  American  peregrine  falcon  (Falco  peregrinus  anatum), 

Aplomado  falcon  (Falco  femoral  is  septentrional  is)  and  interior  least 
tern  (Sterna  anti  11  arum  athal a^os)(  17,18) . 

The  Lloyd  hedgehog  cactus  inhabits  limestone  and  granite  outcrops  along  dry 
rocky  hills  and  slopes  at  an  elevation  of  about  1,500  meters  MSL.  It  has  been 
reported  from  the  Jarilla  Mountains  near  Orogrande,  at  the  southeastern  corner 
of  WSMR(13). 

The  whooping  ci^ane  uses  the  middle  Rio  Grande  Valley  as  a  wintering 
area(17,18).  Whooping  cranes  often  flock  with  sandhill  cranes,  which  have 
been  observed  over  WSMR.  Consequently,  it  is  possible  that  whooping  cranes 
may  fly  over  WSMR  during  their  fall  and  spring  migrations,  but  it  is 
improbable  that  the  whooping  cranes  would  utilize  any  of  the  proposed  sites. 

If  this  species  would  occur  at  any  of  the  sites,  the  Stallion  site  would  have 
the  highest  probability  due  to  the  extensive  playas/grasslands  that  occur  at 
this  site. 

The  bald  eagle  requires  large  rivers  and  lakes  since  fish  is  its  primary  prey 
item.  Consequently,  Lake  Lucero  occasionally  attracts  bald  eagles,  although 
Lake  Lucero  does  not  provide  a  food  source  for  the  eagles.  These  individuals, 
therefore,  are  only  transient  and  sporadic. 

The  American  peregrine  falcon  prefers  areas  with  rocky,  steep  cliffs 
especially  near  water  with  high  bird  concentrations,  which  is  its  primary  food 
source.  Peregrine  falcons  are  presumed  to  occur  in  the  Organ,  San  Andres  and 
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Oscura  mountains,  and  would  forage  over  the  wide  basin  areas.  Peregrine 
falcons  may,  therefore,  occur  in  or  near  the  Stallion  and  North  of  NASA  sites. 

It  is  unlikely,  however,  that  any  of  the  remaining  species  occur  within  or 
near  any  of  the  alternative  sites.  The  Sneed  pincushion  cactus  occurs  in  the 
Franklin  Mountains  south  of  the  main  post  area.  The  Aplomado  falcon  is 
currently  not  found  in  New  Mexico  although  the  USFWS  is  currently  considering 
reintroducing  this  species.'  The  interior  least  tern  has  been  observed  at  the 
Bosque  del  Apache  NWR,  approximately  18  km  from  the  Stallion  site,  but  because 
of  its  preference  for  sandy  beaches  along  streams,  rivers  and  lakes,  it  is 
unlikely  that  it  would  occur  at  any  of  the  sites(17). 

In  addition,  the  last  remaining  population  of  desert  bighorn  sheep  is  located 
within  the  San  Andres  NWR,  just  east  of  the  North  of  NASA  site.  Current 
population  of  this  state  protected  species  is  estimated  to  be  less  than 
30(1,25).  Breeding  habitats  of  the  sheep  are  primarily  located  on  the  east 
side  of  the  San  Andres  Mountains,  although  the  entire  mountain  range  may  be 
used  as  foraging  habitat. 

Table  III-ll  lists  those  species  known  or  presumed  to  occur  near  any  of  the 
proposed  sites  and  which  are  considered  endangered  by  USFWS  and/or  the  New 
Mexico  Department  of  Game  and  Fish.  The  North  of  NASA  site  has  the  greatest 
potential  for  supporting  protected  species,  as  can  be  seen  from  this  table. 

7.  Unique  and  Environmentally 
Sensitive  Resources 

Because  of  the  limited  water  supply  and  the  soil  associations  found  in  the 
Chihuahuan  Desert,  the  entire  desert  ecosystem  is  itself  a  fragile  and 
sensitive  resource.  Consequently,  the  intermittent  springs  and  seeps  which 
exist  in  the  San  Andres  foothills  east  of  the  North  of  NASA  site  provide  a 
valuable  water  supply  during  certain  times  of  the  year.  The  areas  around 
these  seeps  and  springs  also  support  a  diverse  group  of  wildlife  by  providing 
feeding  and  nesting  habitat.  New  Well,  which  is  an  operating  windmill  and 
stock  tank,  occurs  within  the  North  of  NASA  site  near  the  east  central  border 
of  the  site.  This  water  tank  provides  a  valuable  water  supply  and  is  heavily 
used  by  wildlife,  particularly  gemsbok. 

The  various  playas  that  occur  within  and  near  the  Stallion  site  present  an 
even  greater  sensitivity  to  man-induced  changes  such  as  overgrazing  and 
erosion.  Small  playas  also  occur  sporadically  in  the  vicinity  of  the 
Orogrande  site.  Grasslands  around  the  playas  also  provide  valuable  habitat 
for  numerous  wildlife  species.  As  grassland  acreage  declines,  so  do  wildlife 
populations  that  depend  upon  the  communities  for  cover  and/or  food  (e.g., 
pronghorn).  WSMR  has  initiated  a  plan  to  conduct  a  habitat  mapping  and 
wildlife  management  pro'ject  that  would  locate,  identify  and  delineate  such 
environmentally  sensitive  communities.  The  proposed  GBFEL-TIE  program  is 
presently  scheduled  to  commence  prior  to  completion  of  this  project.  Recent 
field  reconnaissance  indicates  extensive  grasslands  occur  within  and  near  the 
immediate  Stallion  project  area,  however. 

The  U.S.  Bureau  of  Land  Management  (BLM)(24)  identified  two  areas  as  potential 
Wilderness  Study  Areas  (WSA)  which  are  contiguous  with  WSMR's  western 
boundaries  near  the  Stallion  site.  The  Antelope  WSA  is  located  approximately 
seven  kilometers  (km)  from  the  Stallion  site  and  encompasses  20,710  acres. 

The  Antelope  WSA  is  being  considered  by  the  BLM  for  potential  inclusion  in  the 
National  Wilderness  Preservation  System  (NWPS)  because  of  its  visual 
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Table  III-ll  (cont'd) 

Threatened  or  Endangered  Species  Known  or  Presumed  to  Occur  near  Proposed  Sites 
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lerma  maculatum)  in  buildings  and  caves 
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elevation  in  the  desert 
and  grasslands 


Table  HI-ll  (cont'd) 

Threatened  or  Endangered  Species  Known  or  Presumed  to  Occur  near  Proposed  Sites 
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attributes,  naturalness,  and  overall  environmental  quality.  Several  plant 
species  considered  as  species  of  special  concern  by  the  New  Mexico  State 
Heritage  Program  are  presumed  to  occur  within  the  Antelope  WSA. 

The  Jornada  del  Muerto  WSA  is  situated  approximately  15  km  southwest  of  the 
Stallion  site  adjacent  to  WSMR's  western  boundary.  The  Jornada  del  Muerto  WSA 
consists  of  the  eastern  half  of  an  extensive  basalt  (lava)  flow  formed  during 
the  Quarternary  Age.  This  area  is  being  considered  for  inclusion  in  the  NWPS 
because  of  its  outstanding  opportunities  for  solitude  and  recreation;  diverse 
ecosystems  and  natural  phenomena  (e.g.,  melanism  in  snakes,  lizards  and 
rodents);  and  unique  geologic  features.  The  American  peregrine  falcon  may 
utilize  the  area  for  feeding  or  resting. 

The  Bosque  del  Apache  NWR  is  located  along  the  Rio  Grande  approximately  18  km 
west  of  the  Stallion  site  and  contiguous  with  the  Antelope  WSA,  described 
above.  The  Bosque  del  Apache  NWR  provides  critical  habitat  for  the  whooping 
crane(18)  and  supports  numerous  other  species  protected  by  the  USFWS  and/or 
State  of  New  Mexico(18,19) .  Wetlands  along  the  river  also  provide  valuable 
resting  and  feeding  habitat  for  a  variety  of  shorebirds  and  waterfowl. 

The  proposed  North  of  NASA  site  is  situated  adjacent  to  the  San  Andres  NWR 
which  is  located  within  the  San  Andres  Mountain  range.  Public  access  to  the 
refuge  is  presently  limited  to  managed  hunts  for  mule  deer  which  are  conducted 
periodically  in  cooperation  with  the  New  Mexico  Department  of  Game  and  Fish 
(NMGF).  The  San  Andres  NWR  was  established  primarily  to  protect  the  desert 
bighorn  sheep. 

The  White  Sands  National  Monument  is  located  approximately  19  km  northwest  of 
the  proposed  Orogrande  site.  This  area  is  managed  by  the  National  Park 
Service  and  protected  because  of  unique  geology  (i.e.,  world's  largest  gypsum 
dunes  desert)  and  its  diverse  ecosystem.  Numerous  subspecies  of  flora  and 
fauna  are  endemic  to  the  park  area.  The  western  half  of  the  White  Sands 
National  Monument  is  a  zone  of  cooperative  use  and  is  frequently  used  by  WSMR 
for  missile  impacts,  drone  flyovers,  and  aircraft  training  exercises(l) . 

G.  Historical  Resources 

1.  Regional  Culture  History 

In  the  southern  New  Mexico  region  three  major  human  adaptational  shifts  have 
occurred  during  the  last  10-12,000  years  before  present  (bp).  The  first 
shift,  was  to  a  great  extent,  forced  upon  the  Paleoindians  by  environmental 
changes  which  began  to  occur  near  the  beginning  of  the  Pleistocene  age 
(approximately  1.8  million  bp).  After  the  Paleoindian  and  Archaic  Periods 
02,000-9,000  years  bp)  early  man  shifted  from  a  large-mammal  hunting  base  to 
one  of  greater  dependence  on  wild  plants  and  forage.  This  diversification  of 
economies  was  to  set  the  stage  for  the  second  adaptational  shift,  the 
development  of  agriculturally  based  economies.  In  the  American  southwest 
broad  regional  similarities  occurred,  especially  in  regard  to  adaptational  and 
developmental  shifts.  These  shifts  involved  trends  toward  increased 
population  densities;  decreased  mobility;  technological  and  social  changes; 
and  an  increased  dependence  on  agricultural  commodities. 

This  second  shift  was  noticeable  in  both  the  Anasazi  and  Jornada  Mogollan 
region.  The  Basketmaker  and  Pueblo  phases  refer  to  this  trend  in  the  Anasazi 
region  whereas  in  the  Jornada  Mogollon  region  it  is  termed  the  Formative 
period.  Domesticated  corn  and  beans  were  present  as  early  as  3,000  years  bp. 
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even  though  most  archaeologists  consider  agriculture  to  be  only  of  minimal 
importance  to  man  at  that  time.  In  the  Jornada  Region  this  gradual  shift 
towards  an  agricultural  based  economy  is  progressively  obvious  during  the 
Early  Mesilla  Phase  (AD  1-750),  the  late  Mesilla  Phase  (AD  750-1100),  Dona  Ana 
(AD  1100-1200)  and  later  the  El  Paso  Phase  (AD  1200-1400).  It  was  during  the 
El  Paso  phase  that  man  in  the  Jornada  Region  is  traditionally  viewed  as  having 
achieved  his  most  complex  period  with  the  greatest  dependence  on  agricultural 
food  production. 

The  abandonment  of  adobe  pueblos  and  virtually  all  agricultural  practices 
marks  the  end  of  the  El  Paso  Phase  and  the  Formative  Period.  This  also 
signifies  the  third  adaptational  shift. 

The  third  shift  (AD  1400-1450)  followed  the  collapse  of  broad  agricultural 
practices  and  a  general  population  movement  towards  major  river  valleys  by 
some  of  the  agriculturally  dependent  populations.  Additionally,  the  influx  of 
historically  documented  hunter-gatherer  groups  such  as  the  Mescalero  Apache 
further  marks  this  shift. 

2.  Site  Specific  Archeological/Cultural  Resources 

Both  the  Stallion  and  North  of  NASA  sites  were  surveyed  in  1986,  using  a  14 
percent  sample,  for  archeological/cultural  resources.  The  survey  report,  a 
description  of  the  methodologies,  results  and  recommendations,  is  contained  in 
Appendix  B  of  the  DEIS.  The  Orogrande  area  was  surveyed  in  1984  during  the 
conduct  of  the  Border  Star  85  Environmental  Assessment! 11 ) .  This  survey 
utilized  a  non-site  approach  while  recording  100  percent  of  all  items  in  2 
meter  wide  transects  spaced  33  meters  apart.  Features  and  artifacts  between 
swaths  were  noted  but  not  recorded  in  detail.  The  survey  methodology  resulted 
in  a  very  detailed  picture,  but  one  that  lacks  a  complete  characterization  of 
the  smaller  sites.  A  brief  discussion  of  the  archeological/cultural  resources 
identified  during  each  of  these  field  surveys  is  presented  below  for  each 
alternative  site. 


a.  Stallion  Site 

A  total  of  29  archeological  sites  were  recorded  during  survey  of  the  Stallion 
site  area.  Most  of  the  sites  date  either  wholly  or  partially  to 
Pre-Formative,  or  Archaic  times.  Although  no  Paleoindian  sites  were 
discovered  in  the  sample  area,  materials  diagnostic  of  this  period  were  found 
on  three  sites  along  with  Archaic  materials.  Two  Folsom  projectile  point 
bases,  indicative  of  Paleoindian  use  of  the  area  between  9,500-10,500  years  bp 
and  broken  during  use  rather  than  manufacture,  were  found  at  the  sites.  Six 
sites  (21  percent)  dated  to  the  the  Archaic  period  on  the  basis  of  diagnostic 
artifacts  and  debris;  12  sites  (41  percent)  were  classified  as  Lithic  Unknown, 
but  may  also  date  to  that  period.  In  addition,  nine  of  the  10  multicomponent 
sites  contain  materials  attributable  to  the  Archaic  period. 

Archaic,  or  Pre-Formative  sites  in  the  Stallion  area  are  generally  large  with 
low  artifact  densities.  These  sites  have  an  average  size  of  9,922  square 
meters  (m2)  for  Archaic  properties  and  2,871  m2  for  lithic  Unknown  sites. 
Maximum  artifact  density  averages  between  0.04  and  0.09  items  per  m2. 

Archaic  and  Multicomponent  sites  average  just  over  60  centimeters  (cm)  in 
maximum  estimated  depth,  while  lithic  Unknown  sites  are  shallower  with  a  mean 
maximum  depth  of  24  cm.  Most  Pre-Formative  sites  contain  the  remains  of 
fire-using  facilities,  stone  tools,  manufacturing  debris  and  grinding 
implements.  Overall,  the  pattern  of  site  size,  content  and  structure  within 
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the  sample  suggests  that,  during  the  Pre-Formative  period,  the  Stallion  area 
was  the  focus  of  short-term  residential  use  probably  for  the  seasonal 
exploitation  of  local  plant  and  animal  resources. 

No  archeological  sites  could  confidently  be  dated  to  the  Formative  Period  in 
the  Stallion  sample.  Eight  of  the  ten  Multicomponent  sites  did,  however, 
contain  small  amounts  of  ceramic  material  indicating  use  during  the  Mesilla, 
Dona  Ana  or  El  Paso  Phases.  It  is  believed  that  the  basic  pattern  of  land  use 
in  the  Stallion  area  remained  unchanged  from  Archaic  times  through  the 
Formative  Period.  A  single  historic  site— an  early  20th  century 
homestead— was  also  recorded,  and  two  Multicomponent  sites  contained  small 
amounts  of  historic  period  materials. 

b.  North  of  NASA  Site 

Sixty-six  archeological  sites  were  recorded  during  survey  of  the  North  of  NASA 
site  sample.  No  evidence  of  Paleoindian  use  was  found.  Eight  sites  (19%) 
date  to  the  Archaic  Period,  with  an  additional  four  Lithic  Unknown  sites 
perhaps  associated  with  this  period.  Twelve  of  the  28  Multicomponent  sites 
(43%)  contain  Archaic  components.  These  sites’  average  size  was  6,236  m2, 
and  have  artifact  densities  between  0.04  and  0.36  artifacts  per  m2. 

Estimated  maximum  depth  ranges  from  10  to  150  cm.  Archaic  and  Lithic  Unknown 
site  assemblages  generally  contained  fire-cracked  rock  or  intact  hearths  or 
pits,  lithic  tools  and  debris  showing  an  emphasis  on  bifacial  tool  manufacture 
and  use,  and  grinding  implements.  Based  on  general  impressions  of  site  size, 
structure  and  assemblage  content.  Archaic  period  use  of  the  North  of  NASA  area 
was  probably  similar  to  that  of  the  Stallion  area.  However,  the  proximity  of 
higher  altitude  resources  (especially  leafy  succulents  and  large  mammals)  and 
springs  along  the  base  of  the  San  Andres  Mountains  are  expected  to  have 
attracted  Archaic  populations. 

Most  of  the  North  of  NASA  sites  contained  evidence  of  Formative  period 
occupation,  during  the  Dona  Ana  and  El  Paso  Phases.  A  total  of  66  components 
distributed  among  40  sites  are  affiliated  with  the  Formative  Period.  Although 
only  12  single  component  Formative  sites  were  recorded  (eight  El  Paso  Phase 
and  four  Dona  Ana  Phase),  all  of  the  28  Multicomponent  sites  contained  ceramic 
evidence  of  occupation  during  the  three  Formative  Period  divisions.  All  of 
the  sites  were  occupied  during  the  Dona  Ana  and/or  El  Paso  Phases.  Only  nine 
sites  contained  Mesilla  phase  components  without  later  occupations. 

Formative  Period  sites  in  the  North  of  NASA  area  are  generally  quite 
extensive.  One  site,  which  was  not  completely  defined,  covered  an  entire 
survey  unit  (500  x  500  m)  and  half  of  an  adjacent  unit.  This  probably  cannot 
be  considered  a  single  site  but  is  best  thought  of  as  a  continuous  site  area 
containing  a  large  number  of  similar  components  largely  due  to  reoccupation. 
This  same  site  area  appears  to  continue  in  an  elevational  zone  on  the  alluvial 
fan  for  at  least  four  km  across  and  south  of  the  North  of  NASA  area. 

Formative  sites  also  contain  large  amounts  of  material.  The  average  density 
of  artifacts  on  the  28  Multicomponent  sites  is  over  two  artifacts  per  m2 
with  a  maximum  of  almost  12  items  per  m2.  All  of  these  dense  sites  probably 
contain  substantial  architectural  features,  although  such  features  were  not 
observed  directly  in  the  majority  of  cases.  Many  of  these  sites  are  probably 
eligible  for  the  National  Register  of  Historic  Places. 

These  Formative  Period  sites  reflect  a  pattern  of  subsistence  and  land  use 
documented  in  other  parts  of  the  Jornada  Mogollon  Region  and  were,  the  focus  of 
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intensive  agricultural  activities  involving  the  construction  of  substantial 
adobe  pueblos. 

c.  Orogrande  Site 

Estimates  of  site  density  for  the  Orogrande  alternative  site  were  drawn  from 
an  area  slightly  larger  (59  square  kilometers)  than  the  specified  size  of  the 
study  alternative  and  based  on  inventory  data  gathered  during  an  archeological 
survey  for  Border  Star  1985  (BS-85),  conducted  in  1984(11).  This  survey 
provided  a  100  percent  survey  of  transects  through  the  proposed  GBFEL-TIE 
Orogrande  site.  A  total  of  724  archeological  sites  are  known  in  that  portion 
of  the  BS-85  survey  area.  The  majority  of  these  (426  or  58  percent)  were 
classified  as  Lithic  Unknown.  Many  of  these  sites  may  represent  the  Archaic 
period,  but  cannot  be  assigned  as  a  group  to  that  period  since  some  may  also 
contain  ceramics.  Only  27  properties  (4  percent)  were  judged  to  be  Archaic  on 
the  basis  of  collected  projectile  points. 

About  35  percent  (253)  of  the  total  sites  identified  was  considered  to  be  from 
the  Formative  Period.  Twelve  sites  are  considered  to  be  Mesilla  Phase,  one 
site  is  considered  to  be  Dona  Ana,  and  32  sites  are  considered  to  be  El  Paso 

Phase.  The  remainder  (208)  of  the  Formative  Period  sites  were  assigned  to  the 

"Unknown  Formative"  category.  Added  to  this  group  are  ceramic  sites  which 
were  classified  as  Multicomponent. 

Portions  of  the  BS-85  project  area  being  considered  for  the  proposed  GBFEL-TIE 

contain  archeological  remains  believed  to  reflect  a  land  use  pattern  involving 

seasonal  exploitation  of  basin  floor  resources  throughout  the  Archaic  Period 
and  into  the  Mesilla  Phase.  The  majority  of  sites  are  believed  to  be 
residential,  with  their  areal  extent,  assemblage  size  and  diversity  reflecting 
differences  in  group  size,  length  of  occupation  and  number  of  reoccupations. 
Recent  excavations  of  small  basin  floor  sites  suggest  that  many  of  the  medium 
to  large  Formative  Period  sites  will  contain  small  huts  or  pithouses  along 
with  exterior  pits  and  hearths. 

H.  Socioeconomic  Resources 


1.  Study  Area  Definition 


For  purposes  of  this  analysis,  specific  areas  of  probable  impact  of  the 
proposed  action  must  be  defined.  The  analysis  to  follow  is  directed  to  these 
areas  of  New  Mexico  and  Texas: 


Counties 


Cities 


Bernalillo 

Dona  Ana 

Lincoln 

Otero 

Sierra 

Socorro 

Torrance 

Valencia 

El  Paso  (Texas) 


Albuquerque 
Las  Cruces 

Alamogordo 

Truth  or  Consequences 
Socorro 


El  Paso  (Texas) 


These  counties  surround  and  encompass  WSMR,  and  the  cities  represent  the  major 
concentrations  of  population,  commerce  and  industry  in  the  immediate  area 
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(Figure  II 1-16).  It  Is  expected  that  the  major  impacts  of  the  proposed 
action,  if  any,  would  be  contained  in  this  geographic  region. 

The  socioeconomic  factors  that  will  be  examined  in  the  following  text  include: 

0  population  history  and  projections 

0  population  age  distribution 

0  population  sex  distribution 

0  available  housing  units 
0  labor  force 

0  employment 

0  i ncome 

0  highways 

0  rail  transportation 

0  bus  transportation  service 

0  air  passenger  and  freight  service 

0  religion 

0  education 

0  health  care 

0  police  and  fire  protection 

0  recreation 

2.  Population  History  and  Projections 

Population  history  and  projections  for  the  nine-county  area  containing, 
surrounding  and  supporting  WSMR  and  the  proposed  sites  are  given  in  Table 
III-12.  These  figures  do  not  include  the  effects  of  the  proposed  action,  and 
projections  of  future  populations  presented  should  be  considered  the  baseline 
without-project  populations. 

The  study  area  (including  El  Paso,  Texas)  contains  and  will  contain  a  number 
of  people  equal  to  approximately  half  of  the  population  of  the  State  of  New 
Mexico,  Major  concentrations  of  population  in  the  immediate  area  are  the 
cities  of  Albuquerque,  Alamogordo,  Las  Cruces,  Socorro,  and  Truth  or 
Consequences,  New  Mexico;  and  El  Paso,  Texas. 

By  the  end  of  the  century,  1,7  million  people  are  projected  to  reside  in  the 
study  area,  an  approximate  50  percent  increase  over  current  levels  of 
population.  Bernalillo,  Oona  Ana,  and  El  Paso  counties  experienced  major 
growth  in  the  period  1910  to  1980.  The  remaining  counties  exhibited  steady 
increases  or  maintenance-level  population  growth. 

3.  Age  Distribution 

The  age  distribution  of  the  area  population,  by  county,  is  given  in  Table 
ni-13.  The  under  five  and  5  to  17  years  age  groups  have  the  greatest  impact 
on  public  schools  and  other  community  facilities.  The  18  to  64  years  age 
group  contains  those  persons  in  the  productive  years  from  which  the  labor 
force  is  drawn.  The  65  plus  age  group  indicates  additional  needs  for 
community  services  and  facilities,  health  care,  social  activity  and  a  number 
of  requirements  that  serve  this  growing  age  group. 

The  counties  in  the  study  area  exhibit  similar  age  distributions  with  the 
exception  of  Sierra,  which  reflects  the  large  number  of  retired  persons  in  the 
Truth  or  Consequences  area.  Rural  counties  also  tend  to  have  somewhat  smaller 
proportions  of  children  and  greater  proportions  of  elderly  than  do  urban 
counties. 
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Figure  III-16.  Counties  and  Cities  Surrounding  WSMR, 
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Table  III-12 

Population  History  and  Projections 
Study  Area  and  State  of  New  Mexico,  1910-2005 


Counties 


Year 

Bernalillo 

Dona  Ana 

Lincoln 

Otero 

Sierra 

Socorro 

Torrance 

Valencia 

El  Paso 

Total 

1910 

23,606 

12,893 

7,822 

7,069 

3,530 

14,761 

10,199 

13,320 

52,599 

108,873 

1920 

29,855 

16,548 

7,823 

7,902 

4,619 

14,061 

9,731 

13,795 

101,877 

162,561 

1930 

45,430 

27,455 

7,198 

9,779 

5,184 

9,611 

9,269 

16,186 

131,597 

200,093 

1940 

69,391 

30,411 

8,557 

10,522 

6,962 

11,422 

11,026 

20,245 

131,067 

209,967 

1950 

145,673 

39,557 

7,409 

14,909 

7,186 

9,670 

8,012 

22,481 

194,968 

281,711 

1960 

262,199 

59,948 

7,744 

36,976 

6,409 

10,168 

6,497 

39,685 

314,070 

441,812 

1970 

315,774 

6,877 

7,560 

41,097 

7,189 

9,763 

5,290 

40,576 

359,291 

437,067 

1980 

421,500 

97,100 

11,100 

44,900 

8,473 

12,700 

7,524 

*30,900 

479,899 

1,114,096 

1985 

465,900 

115,800 

14,400 

51,000 

9,078 

15,000 

8,370 

36,200 

565,000 

1,280,748 

1990 

525,800 

131,300 

17,700 

58,500 

9,420 

16,800 

9,212 

40,900 

615,000 

1,424,632 

1995 

575,800 

145,000 

20,300 

63,300 

9,682 

18,100 

10,037 

45,100 

685,000 

1,572,319 

2000 

614,800 

158,300 

22,300 

71,700 

9,837 

19,200 

10,856 

48,700 

735,000 

1,690,693 

2005 

652,100 

171,400 

24,100 

77,800 

9,935 

20,300 

11,703 

52,300 

785,000 

1,805,138 

♦Valencia  County  was  divided  into  Valencia  and  Cibola  Counties  in  1981 

Population  projections  were  made  for  years  1985-2005 

Source:  New  Mexico  Health  Systems  Agency,  Albuquerque,  New  Mexico 

Bureau  of  Business  and  Economic  Research,. University  of  New  Mexico,  Albuquerque,  New  Mexico 
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Table  III-13 


Age  Distribution  (%)  of  the  Population 


County 

Under  5 

5  to  17 

18  to  64 

65+ 

Median  Age 

Total 

Bernal i 1 lo 

7.7 

21.3 

62.9 

8.1 

28.2 

419,700 

Dona  Ana 

8.7 

23.7 

60.4 

7.2 

24.8 

96,340 

Lincoln 

7.1 

21.4 

59,3 

12.2 

32.1 

10,997 

Otero 

9.3 

23.5 

60.6 

6.6 

25.6 

44,665 

Sierra 

4.8 

17.3 

48.4 

29.5 

49.4 

8,454 

Socorro 

9.4 

24.1 

57,7 

8.8 

25.3 

12,566 

Torrance 

8.8 

24.0 

55.2 

12.0 

30.0 

7,491 

Valencia 

10.5 

25.7 

56.4 

7.4 

25.5 

30,900 

El  Paso 

9.4 

25.9 

58.1 

6.6 

25.0 

479,899 

Total  New  Mexico 

8.8 

23.3 

59.0 

8.9 

27.4  1 

,302,894 

Source:  County  and  City  Data  Book,  1983(47);  U.S.  Census,  1983(48) 


These  tendencies  are  also  exhibited  by  the  median  ages  in  the  study  area 
counties.  Urban  counties  have  lower  median  ages;  rural  counties  tend  to  have 
higher  median  ages,  and  Sierra's  is  the  highest  in  the  state. 

4.  Sex  Distribution 

The  distribution  of  males  and  females  in  the  study  area  population  is  evenly 
distributed  by  sex  (Table  III-14).  The  number  of  males  and  females  differs 
only  slightly. 

5.  Available  Housing  Units 

The  1980  census  gives  a  background  inventory  and  view  of  the  available  housing 
stock  in  the  study  area.  Table  III-15  presents  the  distribution  of  housing 
units  in  the  study  area  and  in  selected  cities  within  the  area. 

The  study  area  contains  approximately  420,000  housing  units,  according  to  the 
1980  census.  Approximately  one-third  were  rental  units.  The  urban  areas, 
however,  have  added  units  to  the  aggregate  stock  since  1980.  Between  1980  and 
1984,  the  City  of  El  Paso  added  approximately  20,000  new  units  to  its  local 
markets,  Albuquerque,  las  Cruces  and  Alamogordo  have  shown  similar  trends. 

The  basic  housing  stock  in  the  study  area  is  currently  estimated  to  contain 
over  a  half  million  units. 

A  review  of  the  current  availability  data  from  local  sources  was  conducted  to 
identify  that  portion  of  the  housing  stock  that  would  be  available  for 
occupancy  by  new  workers.  Table  III-16  indicates  the  status  of  the  housing 
market  in  the  urban  centers  within  the  study  area  as  of  August,  1986. 


Currently,  there  are  approximately  7,000  homes  for 
approximately  8,000  apartments  available  for  rent, 
numbers  of  single  family  homes  available  for  rent, 
realtors,  mobile  homes  are  only  a  small  segment  of 
People  tend  to  buy  mobile  homes  and  rent  available 


sale  in  the  study  area  and 
There  are  no  significant 
According  to  local 
the  rental  housing  market, 
spaces. 
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Table  III-14 


Distribution  of  the  Population,  by  Sex,  1985 
Counties  and  State  of  New  Mexico 

Sex  Distribution 


County 

1985  Population 

Males 

%  Males 

Females 

%  Females 

Bernalillo 

465,900 

227,359 

48.80 

238,541 

51.20 

Dona  Ana 

115,800 

57,205 

49.40 

58,594 

60.60 

Lincoln 

14,400 

7,546 

52.40 

6,854 

47.60 

Otero 

51,000 

24,837 

48.70 

26,163 

51.30 

Sierra 

9,078 

4,684 

51.60 

4,394 

48.40 

Socorro 

15,000 

7,215 

48.10 

7,785 

51.90 

Torrance 

8,370 

4,218 

50.30 

4,152 

49.70 

Valencia 

36,200 

17,774 

49.80 

18,426 

50.20 

El  Paso 

565,000 

277,150 

49.10 

276,850 

50.90 

New  Mexico 

1,308,764 

645,221 

49.30 

663,548 

50.70 

Source:  New  Mexico  Health  Systems  Agency(49);  Bureau  of  Business  and 
Economic  Research,  University  of  New  Mexico(50) 

Table  III-15 


Available  Housing  Units,  1980 


Total 

Number 

County/ City 

Units 

Occupied 

Bernalillo 

162,126 

151,037 

Dona  Ana 

33,944 

30,402 

Lincoln 

21,083 

18,947 

Otero 

17,951 

14,608 

Sierra 

5,392 

3,745 

Socorro 

4,636 

4,026 

Torrance 

3,309 

2,465 

Valencia 

22,353 

19,113 

El  Paso 

147,964 

134,368 

Total  (Counties) 

418,758 

378,711 

Albuquerque 

132,788 

124,032 

Alamogordo 

9,495 

8,629 

L  as  Cruces 

17,714 

16,165 

Socorro 

2,659 

2,404 

Truth  or  Consequences 

3,167 

2,487 

El  Paso 

134,368 

134,265 

Total  (Cities) 

300,191 

287,982 

New  Mexico 

507,513 

441,466 

Source:  U.S.  Census  of  Population  and  Housing, 
1980(48) 


III-61 


Table  III-16 


Housing  Availability,  1986 


Homes 

For 

Average 

Home 

Apartments 

Medi an 

Apartment 

Total 

Units 

City 

Sale 

Price 

Available 

Rent 

Vacancy 

Available 

Albuquerque 

650 

$93,000 

2500 

$400 

10-15% 

3150 

Alamogordo 

600 

55,000 

300 

300 

5-15% 

900 

Socorro 

60 

70,000 

150 

400 

<10% 

210 

Las  Cruces 

863 

67,000 

1400 

300 

<5% 

2263 

Truth  or 
Consequences 

450 

42,000 

250 

300 

10-40% 

700 

El  Paso 

4058 

88,000 

3500 

310 

10-15% 

7558 

Total 

6681 

69,000 

8100 

342 

10-15% 

14,781 

Source:  Chambers  of  Commerce;  Boards  of  Realtors;  Local  Realtors 


6.  Labor  Force 

The  portion  of  the  population  that  is  included  in  the  labor  force  is  normally 
those  persons  that  are  available  for  work  and  aged  16  to  64  years.  Table 
III-17  shows  the  number  and  percent  of  these  persons  in  the  labor  force,  by 
county,  in  1980.  Estimated  labor  force  of  the  State  of  New  Mexico  has 
increased  to  approximately  620,000  as  of  1985. 

7.  Employment 

Retail  trade,  construction  and  manufacturing  dominate  employment  in- the  area, 
followed  by  agriculture,  forestry  and  fisheries.  Wholesale  and  service  trades 
are  a  significant  secondary  portion  of  employment.  Estimates  of  the  local 
construction  labor  force  available  to  each  proposed  site  are  presented  in 
Table  III-18. 

8.  Income 

The  1980  income  levels  for  the  study  area,  which  are  the  most  recent  published 
data  available,  are  given  in  Table  III-19.  The  highest  median  incomes  for  the 
study  area  occur  in  Bernalillo  County  and  the  lowest  in  Sierra  County. 

9.  Transportation  Systems 

The  study  area  is  well  served  with  land  and  air  based  transportation 
facilities.  Area  highways,  railroads  and  airports  appear  to  be  adequate. 

These  facilities  are  described  further  in  the  following  paragraphs. 

a.  Highways 

WSMR  and  the  immediate  area  are  served  by  a  network  of  interstate.  Federal  and 
state  highways. 

Interstate  Highway  10  connects  Las  Cruces,  New  Mexico  and  El  Paso,  Texas  to 
points  east  and  west.  Interstate  25  originates  at  Las  Cruces  and  crosses  1-40 
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Table  III-17 


Labor  Force,  1980 
Counties  and  New  Mexico 


%  Aged 
16-64 


In 

In 

Persons 

L  abor 

Labor 

County 

16-64 

Force 

Force 

Bernalillo 

260,551 

224,795 

86.3 

Dona  Ana 

62,176 

45,918 

73.9 

Lincoln 

6,750 

5,613 

83.2 

Otero 

28,941 

22,223 

76.8 

Sierra 

4,333 

2,722 

62.8 

Socorro 

7,685 

5,694 

74.1 

Torrance 

4,421 

3,150 

71.3 

Valencia 

19,456 

14,334 

73.7 

El  Paso 

329,296 

217,202 

65.9 

New  Mexico 

723,609 

541,651 

74.9 

Source:  U.S.  Census  of  Population  and  Housing,  1980(48) 


at  Albuquerque.  These  interstate  highway  facilities  carry  a  major  portion  of 
intermarket  and  interstate  commerce  to  and  from  the  study  area. 

The  Federal  or  U.S.  highway  system  in  the  area  is  a  network  of  six  major 
routes  that  serve  the  major  portion  of  the  WSMR  and  immediate  area.  U.S. 
Highways  54,  70,  80,  82,  85  and  380  form  an  interregional  access  network  to 
service  facilities  in  the  area. 

The  state  highway  system  in  the  area  consists  of  State  Highways  28,  33,  51  and 
52.  These  facilities  are  the  primary  responsibility  of  the  State  of  New 
Mexico,  and  they  provide  access  to  local  markets  and  urban  areas. 

In  addition,  there  are  numerous  roads  within  the  WSMR.  These  roads  serve 
activities  within  the  range  and  are  primary  circulation  routes  within  the 
facility.  U.S.  70  connects  Las  Cruces  and  Alamogordo,  New  Mexico  and  bisects 
the  southern  portion  of  the  range.  This  highway  is  a  primary  route  between 
urban  areas  and  areas  within  the  range.  Road  closures  commonly  occur  (about 
four  times  per  week)  on  U.S.  70  due  to  various  activities  (e.g.,  missile 
firings)  at  WSMR.  Closures  last  no  longer  than  one  hour. 

b.  Rail  Transportation 

The  study  area  is  served  by  three  major  railroads.  To  the  east  of  WSMR  lie 
the  north-south  tracks  of  the  Southern  Pacific  Railroad  that  connect  El  Paso, 
Alamogordo  and  markets  to  the  north. 

To  the  west  of  WSMR  the  Atcheson,  Topeka  and  Santa  Fe  Railroad  connects  El 
Paso  to  Socorro  and  markets  to  the  north.  El  Paso  is  also  served  by  the  Union 
Pacific/Missouri  Railroad. 
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Table  III-18 


Estimated  Available  Construction  Labor 


(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1980 

1980 

1985 

1985 

1985 

1985 

Estimated 

Employed 

Estimated 

Experienced 

in 

Estimated 

Employed  in 

in 

Estimated 

County 

Population 

Construction  Population 

Construct. 

Construct. 

Available 

OROGRANOE  SITE 

Dona  Ana 

96,340 

3,026 

115,800 

3,637 

4,547 

364 

Lincoln 

10,997 

570 

14,400 

746 

933 

75 

Otero 

44,665 

905 

51,000 

1,033 

1,292 

103 

Sierra 

8,454 

149 

9,078 

160 

200 

16 

El  Paso 

479,899 

10,318 

565,000 

12,147 

15,185 

1,215 

Totals 

640,355 

14,968 

755,278 

17,723 

22,157 

1,773 

NORTH  OF  NASA  SITE 

Dona  Ana 

96,340 

3,026 

115,800 

3,637 

4,547 

364 

Otero 

44,665 

905 

51,000 

1,033 

1,292 

103 

Sierra 

8,454 

149 

9,078 

160 

200 

16 

El  Paso 

479,899 

10,318 

565,000 

12,147 

15,185 

1,215 

Totals 

629,358 

14,398 

740,878 

16,977 

21,224 

1,698 

STALLION  SITE 

Bernalillo 

419,700 

13,355 

465,900 

14,825 

18,531 

1,483 

Lincoln 

10,997 

570 

14,400 

746 

933 

75  • 

Sierra 

8,454 

149 

9,078 

160 

200 

16 

Socorro 

12,566 

410 

15,000 

489 

612 

49 

Torrance 

7,491 

299 

8,370 

334 

418 

33 

Valencia 

30,900 

1,015 

36,200 

1,189 

1,486 

119 

Totals 

490,108 

15,798 

548,948 

17,743 

22,180 

1,775 

The  ratio  of  Total  Population  (1980)  to  Employed  in  Construction  (1980)  was  applied  to  1985 
Estimated  Population  and  adjusted  using  a  and  b  below. 

Formula  *  x  C  =  0  x  1.25  =  E  x  .08  =  F 
A 

a.  The  ratio  of  employed  in  construction  to  experienced  in  construction  for  1980  for  New 
Mexico  and  El  Paso  MSA.  (a=  1.25) 

b.  The  average  general  unemployed  rate  for  the  study  area,  August,  1986.  (b  «  0.08) 

Sources;  U.S,  Department  of  Commerce,  General  Population  Characteristics,  1980(48); 

Detailed  Population  Characteristics,  1980(42);  Bureau  of  Business  and  Economic 
Research,  University  of  New  Mexico,  Las  Cruces,  1975(50);  and  New  Mexico 
Department  of  Employment  Security(28) 
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Table  III-19 


Area  Income  Levels,  1980 
Counties  and  New  Mexico 


County 

Per 

Household 

Bernalil lo 

16,239 

Dona  Ana 

12,362 

Lincoln 

13,425 

Otero 

13,416 

Sierra 

7,959 

Socorro 

10,910 

Torrance 

10,830 

Valencia 

16,178 

El  Paso 

11,404 

New  Mexico 

14,655 

Median  Income  ($) 

Per 

Per 

Family 

Capita 

19,294 

7,136 

14,914 

5,284 

15,817 

6,368 

14,711 

5,379 

10,350 

4,634 

12,219 

4,469 

11,978 

4,691 

17,832 

5,850 

12,222 

3,529 

16,930 

6,120 

Source:  U.S.  Census  of  Population  and  Housing,  1980(48) 


c.  Bus  Transportation  Service 

Passenger  and  small  package  bus  service  in  the  study  area  is  considered 
adequate  for  the  population  densities  and  distances  between  urban  areas.  Bus 
service  is  provided  from  14  points  within  the  study  area  to  nation-wide 
locations.  Service  is  provided  from  El  Paso,  las  Cruces,  Alamogordo,  Socorro 
and  Truth  or  Consequences.  Continental  Trailways  and  Greyhound  Bus  Lines 
offer  services  to  major  points  in  the  study  area,  and  interregional  companies 
provide  local  connections  and  service  to  those  lines. 

d.  Air  Passenger  and  Freight  Service 

Air  passenger  service  is  available  in  the  area  at  Albuquerque,  Las  Cruces, 
Alamogordo  and  El  Paso.  A  total  of  11  air  carriers  provides  passenger  service 
from  these  airports.  Other  airports  in  the  area  are  primarily  for  private 
flying  and  no  passenger  flights  are  available.  Las  Cruces  International  and 
Alamogordo  Airports  provide  connecting  flights  to  Albuquerque  and  El  Paso. 

10.  Public  Services  and  Social  Institutions 

The  following  section  describes  the  availability  of  existing  facilities  in  the 
areas  of  religion,  education,  health  care,  law  enforcement  and  recreation. 

a.  Religion 

There  are  over  700  churches  in  the  study  area,  located  primarily  in  the  six 
major  urban  areas.  Most  major  denominations  are  represented. 

b.  Education 

Over  250  public  schools  are  located  in  the  six  urban  areas  surrounding  WSMR, 
Additional  schools  are  located  in  outlying  regions.  Table  111-20  shows  the 
distribution  of  urban  area  schools. 
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Table  III-20 


Public  School  Facilities,  1986 


City 

Elementary 

Junior  High 

High  School 

Albuquerque 

73 

23 

10 

Alamogordo 

9 

1 

1 

Las  Cruces 

17 

4 

2 

Socorro 

4 

1 

1 

Truth  or  Consequences 

1 

1 

1 

El  Paso 

83 

19 

15 

Total 

187 

49 

30 

c.  Health  Care 

Generally  accepted  planning  standards  (New  Mexico  Health  Systems  Agency, 
1986)(49)  call  for  approximately  150  physicians  and  400  hospital  beds 
available  per  100,000  resident  population.  As  can  be  seen  from  Table  III-21 
below,  only  Bernalillo  County  (Albuquerque)  meets  or  exceeds  the  standard 
recommended  for  physicians.  Four  counties  exceed  the  standard  for  hospital 
bed  availability.  Rural  areas  generally  have  a  deficit  in  both  physicians  and 
hospital  services.  Rural  residents  usually  travel  to  the  urban  centers  for 
extensive  or  specialized  health  care. 

Table  III-21 


Medical  Facilities  Available  within  the  Project  Counties 


Phj 

)sicians 

Hospitals 

Host 

)ital  Beds 

Rate 

Rate 

County 

Number 

(per  100,000) 

Number 

Number 

(per  100,000) 

Bernalillo 

1061 

252.8 

14 

2289 

545.4 

Dona  Ana 

85 

88.2 

1 

183 

190.0 

Lincoln 

11 

100.0 

1 

42 

381.9 

Otero 

34 

76.1 

3 

122 

273.1 

Sierra 

6 

71.0 

1 

115 

1360.3 

Socorro 

5 

39.8 

1 

42 

334.2 

Torrance 

2 

26.7 

0 

0 

0 

Valencia* 

12 

39.3 

2 

237 

774.0 

El  Paso  (Texas) 

613 

127.7 

17 

2535 

528.2 

♦Figures  for  Valencia  County  are  estimates.  Valencia  County  was  divided  into 
Valencia  and  Cibola  Counties  in  1981. 

Source:  U.S.  Census  County  and  City  Data  Book,  1983(48) 
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d.  Police  and  Fire  Protection 

Police  and  fire  protection  are  public  safety  services  provided  by  municipal 
and  county  police  and  fire  departments,  volunteer  fire  departments,  state 
highway  patrols  and  state  and  Federal  control  agencies.  WSMR  has  its  own 
security  and  fire  departments  which  provide  service  on  the  WSMR  grounds. 
Present  levels  of  protection  are  apparently  adequate  to  meet  the  perceived 
needs  of  the  various  local  populaces. 

e.  Recreation 

New  Mexico  has  millions  of  acres  of  wild  lands  available  for  outdoor 
recreation  such  as  hunting,  fishing,  hiking  and  camping.  Within  the  study 
area  are  15  state  parks,  two  national  monuments,  three  national  wildlife 
refuges  and  seven  national  forests.  Carlsbad  Caverns  National  Park  is  within 
a  three  hour  drive  of  the  WSMR  facility.  Municipal  parks  and  recreation 
facilities  are  present  in  adequate  numbers  in  all  of  the  urban  areas:  El  Paso 
(81);  Las  Cruces  (26);  Alamogordo  (15);  Socorro  (2);  Truth  or  Consequences 
(3);  and  Albuquerque  (197).  Additionally,  there  are  approximately  15  public 
and  private  golf  courses  in  the  area. 

I.  Water  Supply  and  Quality 
1.  New  Mexico  Water  Law 

"New  Mexico  water  law  is  founded  upon  and  governed  by  the  doctrine  of  prior 
appropriation,  i.e.,  'first  in  time  —  first  in  right',  and  beneficial  use  is 
the  basis,  the  measure  and  the  limit  of  the  right  to  the  use  of  water".  — 
Article  XVI,  Sections  2  and  3,  New  Mexico  State  Constitution. 

a.  Surface  Water  Legislation 

Appropriations  of  surface  water  are  governed  by  the  Surface  Water  Code  found 
in  Chapter  72,  Article  5  of  the  New  Mexico  Statutes  Annotated  (NMSA),  1978. 
Under  this  code,  adopted  in  1907,  surface  water  in  New  Mexico  may  not  be 
appropriated  without  application  to  and  a  permit  from  the  State  Engineer. 
Permits  are  issued  only  after  published  notice,  and  public  hearing  if 
required,  and  a  determination  by  the  State  Engineer  that  there  is 
unappropriated  water  available  for  the  benefit  of  the  applicant.  Following 
such  a  determination,  a  permit  may  be  issued  prescribing  the  time  within  which 
the  construction  shall  be  completed  and  within  which  water  shall  be  applied  to 
beneficial  use.  However,  there  remains  little,  if  any,  unappropriated  surface 
water  in  the  various  drainage  basins  in  the  state  of  New  Mexico. 

b.  Groundwater  Legislation 

In  the  absence  of  a  declared  and  defined  underground  basin,  groundwater  may  be 
appropriated  without  need  for  a  permit  from  the  State  Engineer.  However,  the 
State  Water  Code  in  Section  72-12-1,  NMSA  1978  provides  that  waters  of 
underground  streams,  channels,  artesian  basins,  reservoirs  or  lakes  having 
reasonably  ascertainable  boundaries  are  declared  to  be  public  waters  and  are 
subject  to  appropriation  for  beneficial  use.  The  State  Engineer  is  empowered 
to  determine  the  boundaries  and  declare  a  basin.  Once  a  part  of  a  declared 
basin,  water  may  be  appropriated  as  in  the  case  of  surface  waters  only  upon 
application  and  permit  from  the  State  Engineer.  Upon  such  an  application 
being  filed,  the  State  Engineer  again  must  provide  for  public  notice  and 
hearing  to  assist  in  determining  if  water  is  available  for  appropriation  and 
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assure  that  the  rights  of  the  other  appropriators  from  the  same  basin  are  not 
impaired. 


c.  Recent  Water  Legislation 

Legislation  approved  during  the  1983  New  Mexico  Legislative  Session  has 
introduced  new  reguirements  into  the  public  interest  review  and  determination 
made  by  the  State  Engineer  on  all  applications  for  water  appropriations. 

These  include  findings  that  the  proposed  appropriation  is  not  contrary  to 
conservation  of  water  within  the  State  and  is  not  detrimental  to  the  public 
welfare  of  the  State. 

It  must  be  further  noted  that  changes  in  points  of  diversion  or  place  of  use 
of  either  surface  or  groundwater  must  be  approved  by  the  State  Engineer  prior 
to  making  such  change.  If  not  so  approved  following  application  and  notice, 
the  vested  rights  to  the  use  of  water  are  subject  to  forfeiture  and  loss. 

2.  Water  Resources 

a.  General 

With  an  average  annual  rainfall  of  about  10  inches  at  WSMR,  persistent  surface 
water  is  a  rare  commodity.  As  previously  discussed,  virtually  all  surface 
water  throughout  the  region  is  already  appropriated  and  consequently,  wells 
(groundwater)  are  the  primary  water  sources.  Much  of  the  well  water  is  in 
excess  of  1,000  ppm  total  dissolved  solids  (tds)  which  may  be  in  excess  of  the 
quality  requirements  of  the  GBFEL-TIE. 

Surface  waters  from  the  Colorado  River  Basin  are  presently  being  diverted  into 
the  Rio  Grande  Basin  by  the  U.S.  Bureau  of  Reclamation's  San  Juan-Chama 
Project  and  could  be  made  available  to  WSMR.  All  San  Juan-Chama  water 
diverted  into  the  Basin  is  currently  contracted  for  or  committed  to  potential 
contracts  to  various  entities  within  the  state;  but,  in  most  cases  this 
exceeds  their  needs  for  the  near  future,  making  this  surplus  water  available 
for  purchase.  The  city  of  Albuquerque  is  one  possible  source  of  San 
Juan-Chama  water(51). 

The  specific  water  availability  and  water  quality  presented  below  as  a 
function  of  the  three  proposed  sites  was  extracted  from  an  in-house  Corps  of 
Engineers  document  involving  geology  and  water  (geotechnical)  considerations 
at  WSMR(5). 


b.  Stallion  Site 

The  chemical  quality  of  the  ground  water  in  the  northwestern  part  of  WSMR  is 
predominantly  poor  because  of  the  high  sulfate  content.  Small  amounts  of 
water  of  good  to  fair  quality  are  present  at  six  localities  in  the  northern 
WSMR  area.  These  localities  are:  (1)  Fite  Ranch  wells,  about  eight  km  to  the 
west;  (2)  Hardin  Ranch  well  near  Rhodes  Pass,  about  62  km  to  the  south;  (3) 
Murray  well,  35  km  to  the  southeast;  (4)  Trails  Canyon  well,  30  km 
east-southeast;  (5)  Baca  well,  35  km  east-southeast;  and  (6)  small  springs 
issuing  from  Pennsylvanian  rocks  on  the  back  slope  of  the  Sierra  Oscura 
Mountains  about  32  km  to  the  southeast.  Over  the  last  30  years,  efforts  to 
increase  the  potable  water  production  of  these  wells  have  been  unsuccessful. 
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Two  wells  at  Fite  Ranch  Headquarters  were  tested  by  the  U.S.  Geological  Survey 
(USGS)  in  1956.  The  wells  are  about  eight  km  east  of  the  Stallion  site. 

Water  levels  in  these  wells  were  123.1  and  128  meters  below  the  surface  and 
the  water  contained  240  and  218  ppm  tds.  Water  in  these  two  wells  is  potable, 
apparently  because  recharge  is  mainly  by  runoff  from  the  volcanic  hills  of  the 
Cerro  Colorado,  to  the  northeast.  The  Cerro  Colorado  is  an  isolated 
mountainous  area  of  porphyritic  intrusive  rocks  rising  to  elevations  above 
91.4  meters,  and  comprising  an  area  of  about  15  km2. 

The  water  in  these  two  wells  is  from  the  Baca  and  Datil  Formations  of  Tertiary 
age.  The  well,  designated  "Fite  P.W.",  was  pump  tested  at  12  gallons  per 
minute  (gpm).  A  transmissibility  of  about  170  gallons  per  day  (gpd)  per  foot 
was  indicated  and  the  specific  capacity  was  calculated  to  be  no  more  than  0.1 

gpm  per  foot  of  drawdown.  Low  transmissibilities  of  this  and  other  wells  in 

the  area  were  ascribed  partially  to  cementation  of  the  materials.  It  is 
concluded  that  appreciable  quantities  of  potable  ground  water  are  not  present 
in  the  northwestern  part  of  WSMR. 

Stallion  Range  Camp,  at  the  northern  end  of  the  proposed  GBFEL-TIE  Stallion 
site,  is  supplied  by  two  nonpotable  water  wells,  SRC-1  and  SRC-2,  located 
about  183  meters  and  335.3  meters,  respectively,  from  SRC  headquarters. 

Pumping  test  data  for  SRC-1  at  a  depth  of  228.6  meters  showed  200  gpm  with  a 
drawdown  of  37.5  meters  or  5.3  gpm  per  meter  of  drawdown.  The  SRC-2  well  at 
243.8  meters  yielded  141  gpm  with  a  drawdown  of  53.3  meters  or  2.7  gpm  per 
meter  of  drawdown.  Considering  that  the  pumping  tests  were  of  relatively 
short  duration,  these  rates  were  probably  near  maximum  dependable  yield.  The 
winter  1984  water  level  readings  were  64.4  meters  below  land  surface  in  SRC-1 
and  65.6  meters  in  SRC-2.  The  summer  1984  readings  were  64.0  meters  in  SRC-1 

and  65.4  meters  in  SRC-2.  The  tds  ranged  from  about  3,100  to  3,300  ppm.  A 

desalinization  plant  with  a  capacity  of  100,000  gpd  reduces  the  tds  to  about 
550  ppm.  Total  production  in  1984  was  9,659,000  gallons  or  about  26,000  gpd. 

During  the  period  from  1963  to  1967,  seven  test  wells  were  drilled  in  the  Rio 
Grande  River  floodplain  at  the  Bosque  del  Apache  NWR.  Shallow  zones  in  wells 
B-1,  B-5  and  B-7  contained  water  of  fair  quality.  The  deeper  zones  of  these 
three  wells  and  the  four  other  wells  yielded  poor  water  quality.  Pumping 
tests  were  performed  for  eight  hours  on  these  wells  with  results  as  follows: 
(1)  well  B-1,  150  gpm  pump  rate  with  9.1  meters  drawdown  (i.e.,  16.5  gpm  per 
meter  of  drawdown);  (2)  well  B-5,  300  gpm  pump  rate  with  5.8  meters  drawdown 
(i.e.,  51.8  gpm  per  meters  of  drawdown);  and  (3)  well  B-7,  320  gpm  pump  rate 
with  9.1  meters  drawdown  (i.e.,  35,0  gpm  per  meters  of  drawdown).  Development 
of  four  supply  wells  in  this, area  would  be  expected  to  satisfy  the  proposed 
GBFEL-TIE  water  supply  requirements  but  may  not  be  of  acceptable  quality. 

Most  surface  water  rights  in  the  State  of  New  Mexico  have  been  appropriated; 
however,  many  entities  have  rights  in  excess  of  their  needs  and  this  water 
could  be  made  available  for  purchase.  One  possible  source  would  be  water  from 
the  Colorado  River  Basin  which  is  presently  being  diverted  into  the  Rio  Grande 
Basin  by  the  U.S.  Bureau  of  Reclamation's  San  Juan-Chama  Project.  All  San 
Juan-Chama  water  diverted  into  the  Basin  is  currently  contracted  for,  or 
committed  to  potential  contracts  to  various  entities  within  the  state;  but,  in 
most  cases,  exceeds  their  needs  for  the  near  future,  making  this  surplus  water 
available  for  purchase.  The  same  type  of  purchase  agreement  would  be  required 
whether  it  be  surface  water  withdrawal  from  Elephant  Butte  Reservoir  or  ground 
water  from  a  well  field  in  the  vicinity  of  the  Bosque  Del  Apache  NWR.  A 
determination  would  have  to  be  made  as  to  the  amount  of  water  which  would  have 
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to  be  released  into  the  Rio  Grande  to  compensate  for  any  potential  to  flow. 

In  the  case  of  ground  water  withdrawals,  a  well  permit  would  have  to  be 
obtained  from  the  State  Engineer.  Easements,  permits  and  clearances  would  be 
required  for  a  pipeline  to  the  Stallion  site.  Existing  water  rights  can  be 
purchased  and  transferred  for  the  duration  of  the  project  after  obtaining  the 
required  permits  from  the  State  Engineer. 

c.  North  of  NASA  Site 

Wells  to  the  west  of  the  North  of  NASA  site,  in  the  Jornada  del  Muerto  Basin, 
contain  water  which  is  unconfined  or  semiconfined  from  permeable  beds  of  sand 
and  gravel  in  the  bolson  deposits.  The  bolson  deposits  and  the  saturated  zone 
within  the  deposits  thin  toward  the  mountains;  thus,  the  probability  of 
obtaining  an  adequate  supply  of  water  decreases  with  nearness  to  the 
mountains. 

Only  a  few  low-capacity  wells  operate  in  the  immediate  area  of  the  site.  Two 
springs  occur  near  the  site:  Cottonwood  Spring  about  1.4  km  south  of  the  site 
and  Ropes  Spring  about  6.4  km  to  the  southeast.  "New  Well"  is  situated  in  the 
north-central  area  of  the  candidate  site.  The  ground  elevation  of  the  well  is 
1,573  meters  above  MSL.  Water  level  measurements  in  the  early  1970s  varied 
between  35.5  and  36.6  meters  below  ground  surface.  The  well  is  wind-mill 
powered  and  water  is  piped  to  a  tank  to  water  stock. 

Efforts  were  made  in  1962  to  obtain  potable  ground  water  for  the  National 
Aeronautics  and  Space  Administration  (NASA)  Apollo  Propulsion  System 
Development  facility,  13  km  to  the  south  of  the  proposed  site.  Six  test  wells 
were  drilled  at  the  NASA  site.  Four  of  the  wells  apparently  did  not  penetrate 
a  sufficient  thickness  of  saturated  bolson  deposits  to  yield  the  required 
quantity  of  water  and  as  such,  were  not  developed  further.  The  two  wells,  I 
and  J,  which  were  sited  further  down  the  slope  away  from  the  mountains, 
penetrated  208  meters  and  183.5  meters,  respectively,  of  saturated  bolson 
deposits.  Both  wells  I  and  J  were  tested  at  1,000  gpm  for  24  hours.  The 
water  level  in  well  I  was  lowered  from  a  depth  of  97  meters  to  119.2  meters. 
The  specific  capacity  was  44.9  gpm  per  meter  of  drawdown.  The  level  in  well  J 
was  lowered  from  a  depth  of  102.7  meters  to  118.3  meters  with  a  specific 
capacity  of  64.3  gpm  per  meter  of  drawdown.  Semi-log  plots  of  recovery  versus 
time  indicated  a  coefficient  of  transmissibility  of  14,783  gpd  per  meter  for 
well  I  and  24,293  gpd  per  meter  for  well  J.  USGS  personnel  who  supervised  the 
drilling  and  testing  of  these  two  wells  concluded  that  the  coefficients  of 
transmissibility  are  on  the  order  of  those  expected  for  bolson  deposits,  and 
the  relatively  small  drawdown  of  water  levels  indicates  that  the  wells  are  in 
good  hydraulic  connection  with  the  aquifer. 

Another  potential  water  source  would  be  the  Rio  Grande  Valley.  A  purchase 
agreement  would  be  required  to  withdraw  ground  water  from  wells  in  the  Rio 
Grande  alluvium  downstream  from  Elephant  Butte  Reservoir.  If  new  supply  wells 
are  drilled,  a  permit  from  the  State  Engineer  would  be  required.  A 
determination  would  have  to  be  made  as  to  the  amount  of  water  to  be  released 
from  Elephant  Butte  Reservoir  to  offset  ground  water  withdrawals.  Easements, 
permits  and  clearances  would  be  required  for  a  pipeline  to  the  North  of  NASA 
candidate  site.  Existing  water  rights  can  be  purchased  and  transferred  for 
the  duration  of  the  project  after  obtaining  the  required  permits  and  approval. 

Three  domestic  supply  wells  are  situated  between  wells  I  and  J  and  the 
candidate  site,  at  about  the  same  distance  as  the  I  and  J  wells  from  the 


mountains.  The  "Taylor"  well,  about  five  km  north  of  the  I  and  J  wells,  was 
drilled  to  a  depth  of  122  meters.  Two  wells  at  Jornada  Reserve  Headquarters, 
about  eight  km  northwest  of  the  Taylor  well  and  15  km  southwest  of  the  center 
of  the  candidate  site,  provide  potable  water. 

d.  Orogrande  Site 

The  most  important  aquifer  in  the  Tularosa  Basin  is  the  valley  fill.  In  the 
mid-basin  the  valley  fill  is  several  thousand  feet  in  thickness.  Near  the 
periphery  of  the  basin,  the  rock  outcrop  slopes  steeply  into  the  basin.  With 
very  few  exceptions,  the  only  potable  water  in  the  basin  is  encountered  in 
these  peripheral  areas,  usually  within  1.6  to  4.8  km  from  the  mountain  front 
and  usually  associated  with  alluvial  fan  deposits.  Little  recharge  capacity 
is  noted  for  this  basin. 

Ground  water  at  the  Orogrande  Range  Camp,  situated  at  the  southeastern  corner 
of  the  proposed  GBFEL-TIE  Orogrande  site,  is  higher  in  tds  and  chlorides 
content  than  the  ground  water  at  Stallion  Range  Camp.  Total  dissolved  solids 
range  from  2,000  to  3,700  ppm.  Wells  drilled  near  the  site  encountered  water 
at  228.6  meters.  As  many  as  20  supply  wells  may  be  required  to  provide  water 
in  the  quantities  required  for  the  GBFEL-TIE  project. 

The  Orogrande  Range  Camp  is  presently  supplied  by  a  pipeline  from  the  WSMR 
headquarters  well  field,  approximately  24  km  to  the  west.  The  water  flows  by 
gravity  from  the  well  field  to  a  250  gpm  capacity  booster  station  at  Launch 
Complex  38  which  is  11  km  west  of  the  Range  Camp.  The  24  km  of  pipeline 
ranges  from  20.3  to  30.5  cm  in  diameter.  The  pipes  are  old,  and  vary  in 
composition,  including  cement-asbestos,  cast  iron  and  steel.  Use  of  this 
pipeline  for  the  project  would  require  improvements  and  renovation. 

The  Post  headquarters  well  field  consists  of  10  wells  located  in  an  area  north 
of  the  headquarters  area  called  the  re-entrant.  Pumpage  in  the  early 
seventies  declined  from  about  940  million  gallons  (MG)  in  1971  to  about  660  MG 
in  1976.  The  well  field  was  experiencing  a  steady  decline  in  water  levels 
during  this  period.  Water  levels  dropped  from  about  172.2  meters  below 
surface  in  1970  to  about  176.8  meters  below  the  surface  in  1976.  Pumpage  from 
1977  to  1984  has  ranged  from  about  638  MG  to  about  715  MG  per  year,  but  the 
water  levels  have  continued  to  decline  at  an  average  rate  of  about  0.61  meters 
per  year.  Water  is  being  mined  presently  at  the  pumping  rate  of  approximately 
648  MG  per  year.  Current  recharge  rate  for  this  field  is  approximately  425  MG 
per  year. 

The  quality  of  the  water  is  unusually  good.  From  analyses  in  1984,  tds 
generally  ranged  from  200  to  270,  except  in  supply  wells  11,  13  and  20.  The 
average  tds  for  these  three  wells  was  420  ppm.  However,  higher  water 
production  would  accelerate  the  falling  water  table  and  increase  the  potential 
saltwater  intrusion. 

The  Post  headquarters  well  field,  which  had  a  production  of  1.78  mgd  in  1984, 
can  be  supplemented  by  utilizing  the  reserves  of  the  Soledad  Canyon  aquifer, 
which  is  located  on  Army-owned  land  roughly  11  km  southeast  of  the  WSMR  post 
area.  WSMR  water  resource  planners  and  the  United  States  Geological  Survey 
have  identified  the  Soledad  Canyon  aquifer  as  the  most  economical  source  of 
increased  water  reserves  for  the  installation,  and  the  threat  of  saltwater 
intrusion  into  the  headquarters  well  field  can  be  mitigated  by  balancing  water 
withdrawals  between  the  Soledad  and  headquarters  aquifers  and  proper  well 
spacing  and  pump  rates. 
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Two  proposed  alternatives  involve  the  Soledad  well  field.  One  would  specify  a 
direct  pipeline  from  the  field  to  the  candidate  site;  the  other  would  require 
a  two  million  gallon  storage  tank  at  Post  headquarters  and  a  50.8  cm  line  from 
it  to  the  well  field.  Renovation  of  the  existing  main  from  Post  headquarters 
to  the  site  would  also  be  required. 

Recharge  to  the  headquarters  well  field  represents  about  65  percent  of  annual 
pumpage.  Recharge  is  about  1,300  acre  feet/year;  pumpage  was  2,000  acre  feet 
in  1984.  Based  on  the  fact  that  the  well  field  is  not  positioned  to  intersect 
all  of  the  ground  water  flow  in  the  re-entrant  (post)  watershed,  and  that  the 
wells  are  only  pumped  for  12  hours  each  day,  it  has  been  estimated  that  only 
about  33  percent  of  the  recharge  is  effectively  being  used.  The  amount  of 
water  being  mined  was  about  1,567  acre  feet  in  1984,  or  78  percent  of  the 
pumpage. 

Recharge  in  the  Soledad  watershed  is  estimated  at  750  acre  feet/year.  Since 
two  wells,  pumping  750  gpm  each,  could  exceed  the  requirements  for  the 
GBFEL-TIE  project,  it  is  anticipated  that  part  of  the  production  could  be 
dedicated  to  other  uses.  One  well  would  probably  be  pumped  12  hours  per  day, 
or  less.  Total  annual  production  would  be  about  3,000  acre  feet.  Assuming 
that  conditions  are  similar  to  those  in  the  headquarters  watershed,  about  56 
percent  of  the  recharge  would  be  captured,  or  about  420  acre  feet  per  year. 
Approximately  2,580  acre  feet  per  year,  or  86  percent  of  the  production,  would 
be  mined  water.  If  the  production  in  the  Soledad  well  field  is  managed 
properly,  indications  are  that  the  estimated  recoverable  resource,  2.3  million 
acre  feet,  would  have  a  life  expectancy  of  almost  900  years.  Because  of  this 
extensive  supply,  this  source  would  be  the  most  cost  effective  alternative 
water  supply. 

Comments  on  the  Draft  EIS  indicated  that  water  could  be  made  available  to  the 
Orogrande  site  from  wells  at  McGregor  Range,  under  the  jurisdiction  of  Fort 
Bliss  Military  Reservation.  Three  wells  identified  on  range  maps  as  abandoned 
oil  wells  do,  in  fact,  contain  water.  However,  based  on  the  classification  of 
the  basin  fill  materials  in  this  area,  it  is  probable  that  the  alluvium  is 
saturated  with  saline  water  which  would  not  meet  the  GBFEL-TIE  criterion.  In 
addition,  this  area  is  further  from  the  site  than  the  Soledad  Canyon  aquifer, 
and  would  therefore  have  higher  pumping  costs. 

J.  Air  Access 

Restricted  airspace  is  provided  at  WSMR  to  facilitate  the  range  mission  by 
controlling  aircraft  for  safety  and  containment  of  potentially  hazardous 
research  and  development  operations(l) .  The  restricted  airspace  also  aids  in 
reducing  the  possibility  of  security  problems  with  classified  programs  in 
progress.  Program  planning  must  include  airspace  use  considerations  to  ensure 
maximum  utilization  of  the  airspace  and  to  preclude  violations  of  its  purpose. 

The  restricted  airspace  directly  over  the  main  range  area,  plus  the  extension 
areas  (previously  illustrated  in  Figure  1-2),  exist  from  the  surface  to 
unlimited  altitudes.  Figure  III-17  represents  the  airspace  boundaries  with 
respect  to  each  site.  Restricted  airspace  areas  immediately  surrounding  the 
range  have  also  been  established  with  varying  altitude  restrictions.  This 
additional  restricted  area  provides  airspace  needed  for  specific  programs,  and 
is  only  activated  at  specified  times  which  are  coordinated  through  WSMR 
National  Range  Directorate  (NR).  Depending  on  test  scenarios  and  site 
selection,  more  restricted  air  space  than  presently  exists  may  be  needed  to 
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Figure  III-17.  Restricted  Airspace  Boundary  Map. 
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insure  that  the  laser  beam  exits  restricted  airspace  above  60,000  feet  MS', 
during  space  or  airborne  firing,  as  required  by  Federal  Aviation 
Administration  (FAA)  Regulations.  This  airspace  would  be  restricted  on  an 
as-needed  call-up  basis  only  during  tests  utilizing  space  or  airborne  targets. 

The  WSMR  Deputy  for  Air  Force  Operations  acts  as  executive  agent  for  WSMR  in 
requesting  restricted  area  airspace  designations  from  FAA  and  acts  as  overall 
airspace  manager.  Mission  Control  at  Holloman  AFB  provides  real-time  control 
of  the  airspace  for  WSMR.  WSMR,  through  Mission  Control,  is  the  approving 
authority  to  grant  clearance  for  airspace  penetration  and  overflights  of  the 
restricted  areas. 

While  non-participating  aircraft  normally  are  not  allowed  access  into 
restricted  airspace,  they  may  request  permission  from  WSMR  to  fly  into 
restricted  areas.  Such  flights,  when  authorized,  are  closely  controlled. 
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IV.  ENVIRONMENTAL  CONSEQUENCES 

A.  Climate 

Construction  and  operation  of  the  6BFEL-TIE  facility  would  have  no  measurable 
impact  on  the  area's  climate  at  any  of  the  sites. 

The  climate,  particularly  local  weather  conditions,  would  affect  the  operation 
of  the  facility.  Excessive  winds,  particulates,  precipitation,  clouds,  etc. 
and  any  other  disturbance  within  the  atmosphere,  depending  upon  the  severity, 
could  cause  temporary  cancellation  of  laser  testing. 

B.  Geology 

The  GBFEL-TIE  project  would  have  little  to  no  impact  on  the  geology  of  WSMR. 
There  would,  however,  be  impacts  on  the  soil  and  surface  features  which  are 
discussed  below  under  soils. 

Geology  and  seismicity  do  affect  the  choice  of  facility  orientation, 
construction  and  operation.  Surface  geology  defines  the  existing  soil  types, 
including  gypsum  deposits  which  would  be  a  deterrent  to  facility  operation. 
While  the  seismic  difference  among  the  sites  is  a  factor  in  site  selection  due 
to  its  potential  effects  on  sensitive  optical  equipment,  seismic  risk  is  also 
a  factor  in  the  required  design  and  construction  of  the  facility  to  prevent  . 
damage  from  seismic  activity.  The  potential  degree  of  disruption  to 
experimental  equipment  is  not  analyzed  in  this  document. 

The  effect  of  any  physical  damage  to  the  environment,  should  seismic  waves 
occur,  would  most  likely  be  confined  to  the  effects  of  any  liberated  hazardous 
substances  present  at  the  site  or  fires  produced  by  explosion.  Seismic  risks 
are  greater  at  Stallion  than  at  the  other  two  sites,  as  discussed  in  Section 
III. 

It  is  presently  unknown  whether  a  railroad  spur  would  be  necessary.  However, 
this  is  the  only  utility  right-of-way  at  any  of  the  sites  that  would 
potentially  interfere  with  mining  activities. 

If  a  railroad  spur  right-of-way  is  required  for  the  Orogrande  site,  it  may 
have  to  traverse  lands  within  the  Orogrande  Mining  District.  This  would 
restrict  mining  activities  within  the  immediate  area  of  the  right-of-way. 
However,  due  to  the  relatively  minimal  amount  of  land  that  would  be  required, 
the  effect  would  be  insignificant.  Coordination  with  the  Orogrande  Mining 
District  during  design  and  selection  of  the  route  would  assure  the  minimum 
Interference  with  mining  activities.  The  distance  from  any  of  the  proposed 
sites  to  any  mining  district  would  attenuate  any  potential  effects  that  mining 
activities  (e.g..,  blasting,  rock  crushing,  etc.)  may  have  on  the  proposed 
GBFEL-TIE.  No  problems  are  foreseen  in  coordinating  GBFEL-TIE  operations  with 
construction,  blasting,  and  heavy  equipment  movement  associated  with  mining 
operations.  No  competition  for  water  is  anticipated  since  construction  water 
would  be  supplied  from  existing  lines  to  WSMR  headquarters  well  field  and 
operational  water  would  be  supplied  from  a  new  Held  on  the  Fort  Bliss 
reservation. 


C.  Soil 

Construction  of  the  GBFEL-TIE  facility  would  cause  some  leveling  and/or 
resurfacing  of  the  soils  in  the  affected  area.  The  affected  surface  area 
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would  be  about  2,500  acres.  Dust  and  affected  soil  would  be  transported  by 
winds  during  construction  activities.  It  is  expected,  however,  that  this 
effect  would  be  local  and  the  amount  of  soil  transported  by  winds  would  be 
slight,  particularly  when  mitigated  by  the  application  of  spray  mist  water  on 
sensitive  areas.  Extensive  excavation  for  placement  of  the  underground  beam 
tunnel  would  also  be  required.  The  specific  topography  and 
orientation/location  at  each  site  as  well  as  the  excavation  depth  would 
determine  the  actual  volume  of  earth  moved. 

Excavation  and  embankment  quantities  for  grading  of  the  GBFEL-TIE  facilities 
and  support  items  such  as  roads  and  utilities  will  be  governed  by  final  design 
features  such  as  gradients,  flow  lines,  construction  techniques,  amount  of 
unsuitable  material,  etc.  Project  design  efforts  will  utilize  a  balancing  of 
earthwork  quantities,  but  may  dictate  a  need  for  borrow  pits  and/or  spoil 
sites. 

•There  could  also  be  alterations  of  the  natural  surface  drainage.  Orientation 
of  the  proposed  GBFE'.-TIE  facility  at  each  site  is  the  result  of  consideration 
of  all  potential  impacts  (soils,  biological  and  cultural  resources  and 
drainage).  From  a  soils  and  drainage  standpoint,  an  orientation  parallel  to 
the  natural  surface  features  would  minimize  the  drainage  and  erosion  impact. 
Other  more  important  constraints  may  result  in  a  choice  of  less  than  ideal 
orientation  for  drainage.  Figures  IV-1  through  IV-3  illustrate  major  drainage 
channels  and  preferred  facility  orientations  at  the  Stallion,  North  of  NASA 
and  Orogrande  sites,  respectively. 

No  significant  impacts  on  drainage  would  result  from  the  proposed  GBFEl-TIE  at 
the  Orogrande  site.  The  proposed  facility,  if  located  at  the  Stallion  site, 
would  be  near  the  terminus  of  a  drainage  system.  Several  drainages  could  be 
affected,  particularly  within  the  ground  target  range,  if  the  North  of  NASA 
site  is  selected.  Proper  engineering  design  and  construction  could  mitigate 
adverse  impacts  (e.g.,  drainage  impediment,  increased  erosion)  to  any  of  the 
drainages  at  either  Stallion  or  North  of  NASA. 

The  Orogrande  and  North  of  NASA  sites  would  be  constructed  primarily  on  dune 
land  terrain.  Although  not  truly  a  soil  type,  dune  lands  have  limitations  and 
features  similar  to  those  of  soils.  They  have  a  severe  hazard  of  blowing 
(affecting  foundations  and  roads/streets),  severe  excavation  sidewall 
instability,  and  high  hazard  for  pipeline  construction.  The  proposed 
construction  site  for  the  Stallion  alternative  is  composed  predominantly  of 
Yesum  Holloman  fine  sandy  loam  and  onite  loamy  fine  sand^soils.  These  two 
soils  present  little  hazard  of  soil  blowing.  The  onite  is  highly  suitable  for 
foundations  and  roads  but  the  Yesum  is  high  in  gypsum  with  severe  hazard  to 
concrete.  The  hazard  to  concrete  could  be  mitigated  by  using  a  specially 
fortified  mixture.  The  extreme  permeability  of  all  these  soils  indicates  that 
sewage  lagoons  may  require  lining. 

* 

Operation  of  the  facility  should  have  no  Impact  on  the  soils  in  the  vicinity 
of  the  exposed  optical  system  (mirrors,  etc.).  Natural  or  artificial  ground 
cover  would  be  used  to  minimize  atmospheric  interference  from  dust  and 
particulate  matter. 

In  addition  to  the  impacts  from  the  facility  proper,  roads  and  utility 
rights-of-way  servicing  the  facility  would  also  affect  soils  and  drainage. 

Each  right-of-way  selected  would  be  the  subject  of  an  additional  environmental 
analysis.  Approximate  rights-of-way  routes  are  discussed  below  under 
biological  resources  and  cultural  resources. 
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Figure  IV-1. 


Drainage  Pattern  and  Preferred  Facility  Orientation 
at  the  Stallion  Site. 
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Figure  IV-3.  Drainage  Pattern  and  Preferred  Facilfty  Orientation 
at  the  Orogrande  Site. 
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D.  Air  Quality 

1.  General 

There  are  three  types  of  air  pollution  sources  that  would  be  associated  with 
the  GBFEL-TIE  project.  These  sources  are:  (1)  dust  emissions  due  to 
construction;  (2)  emissions  such  as  carbon  monoxide  (CO),  sulfur  oxides 
(SO5)  nitrogen  oxides  (NOo)  and  hydrocarbons  due  to  the  operation  of  heavy 
equipment  at  the  construction  site;  and  (3)  power  generation  for  the  project 
which  would  produce  the  same  type  of  pollutant  emissions  as  for  the  heavy 
equipment.  It  is  considered  that  the  first  two  types  of  pollutant  emissions, 
i.e.,  construction  dust  and  heavy  equipment,  would  be  short-term  effects  in 
the  immediate  area.  Pollutant  emissions  due  to  power  generation  would  affect 
the  immediate  area  intermittently  during  the  operating  phase. 

In  addition,  space  heating  and  commuter  traffic  would  add  to  the  project 
emissions.  Space  heating  would  occur  during  the  winter  months  only  and  would 
result  in  only  minor  emissions.  Engine  exhausts  would  emit  carbon  monoxide, 
hydrocarbons  and  nitrogen  oxides.  The  total  quantity  of  the  pollutants  cannot 
be  predicted  precisely  because  total  fuel  consumption,  total  vehicles  and 
vehicle  use  time  is  not  established.  However,  these  emissions  would  be 
dispersed  over  a  wide  uninhabited  area,  and  thus  would  not  be  expected  to 
significantly  affect  the  area's  air  quality. 

2.  Dust  Emissions  due  to  Construction 

Airborne  dust  emission  would  occur  from  the  operation  of  vehicles  and  from 
excavation  by  heavy  equipment.  These  emissions  would  continue  during  the 
construction  phase  but  would  be  expected  to  have  no  significant  effect  on 
areas  outside  of  WSMR.  The  fugitive  dust  could  be  minimized  by  spreading 
water  and/or  dust  suppressants  on  the  construction  areas  and  construction 
access  roads.  The  amount  of  water  required  to  control  fugitive  dust  would 
depend  upon  construction  activities  and  climate  conditions.  However,  it  is 
estimated  that  this  amount  would  not  exceed  the  1,400  acre  feet  per  year  that 
would  be  required  during  the  operation  phase.  Water  and/or  standard  dust 
suppressants  are  commonly  used  during  major  construction  projects  and  are  not 
expected  to  have  a  significant  effect  on  area  wildlife  and  plant  communities 
or  the  quality  of  ground  water  supplies. 

3.  Emissions  due  to  Operation  of  Heavy  Equipment 

The  construction  of  buildings,  roads,  laser  installation,  etc.  would  require 
the  use  of  heavy  equipment.  As  mentioned  previously,  there  would  be  emissions 
of  particulates,  carbon  monoxide,  sulfur  oxides,  nitrogen  oxides  and 
hydrocarbons  from  the  operation  of  these  vehicles.  The  amount  and 
concentration  of  the  emissions  would  depend  on  duration  of  equipment 
operation,  types  and  numbers  of  vehicles  and  climatic  conditions  such  as 
temperature,  wind  speed  and  wind  direction.  It  is  expected  that  the 
environmental  effects;  (1)  would  be  temporary  and  would  subside  after 
cessation  of  construction  activities; . (2)  would  be  widely  dispersed  in 
relatively  isolated  and  remote  areas  of  WSMR;  and  (3)  would  have  no 
significant  long-term  effect  on  the  environment. 
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4.  Emissions  due  to  Electric 
Power  Plant  Operation 

The  operation  of  four  5-megawatt  natural  gas/diesel  oil  operated  electric 
generators  would  produce  emissions  of  particulates,  carbon  monoxide,  sulfur 
oxides  and  nitrogen  oxides.  These  four  generators  might  be  needed  as  stand-by 
units  and  would  supply  emergency  power  only  when  electric  power  is  not 
available  from  existing  power  utility  sources;  however,  the  four  generators 
would  be  operational  during  all  experimental  testing.  The  maximum  total 
number  of  hours  that  the  generators  could  be  expected  to  be  operational  would 
be  500  hours  per  year,  assuming  six  tests  per  day  for  a  14-day  test  series 
with  10  test  series  per  year.  It  should  be  noted,  however,  that  one  to  two 
tests  per  day  would  be  the  most  probable  test  scenario,  and  thus  anticipated 
emissions  would  be  much  less.  The  anticipated  hourly  emissions  from  these 
four  generators  and  the  annual  emissions  under  the  most  probable  case  (i.e., 
140  hours)  test  scenarios  are  presented  in  Table  IV-1.  Diesel  engines  or  gas 
turbines  would  produce  similar  emissions.  These  emissions  could  be  slightly 
reduced  by  using  dual  fired  (natural  gas)  engines. 


Table  IV-1 

Emission  Factors  for  Stationary  Large  Bore 
Diesel  Engines 


Total  Annual 
Emissions 


Type  of 

Emission 

Rates 

(tons) 

Emission 

grams/KWH 

Pounds/Hr^ 

2  Tests/Day^^ 

NO- 

15.0 

661.4 

46.3 

CO'^ 

3.9 

172.0 

12.0 

SOp 

Particulates 

4.3 

189.6 

13.3 

1.34 

59.1 

4.1 

♦Assumes  four  5-megawatt  generators 

♦♦Assumes  generators  would  operate  0.5  hr/test,  14-day  test 
series,  10  test  series  per  year 

Source:  U.S.  ERA,  1979(52)  and  Geo-Marine,  Inc. 


A  dispersion  model  by  PTMAX  (an  interactive  computer  program  of  USEPA's  UNIMAP 
series)  analyzes  the  maximum  short  term  concentration  of  emissions  from  a 
point  source  as  a  function  of  atmospheric  stability  and  wind  speed.  It 
indicated  the  highest  ground  level  concentrations  (GLC)  which  could  occur 
during  the  most  adverse  weather  conditions.  Table  IV-2  presents  the  data 
generated  by  PTMAX  for  comparison  with  Federal  Secondary  Air  Quality 
Standards.  These  data  indicate  that  no  Federal  air  quality  standard 
would  be  contravened  due  to  the  operation  of  the  stand-by  power  generators. 
Thus,  the  Bosque  del  Apache  NWR  or  other  PSD  Class  I  areas  would  not  be 
significantly  affected  by  the  proposed  project.  Although  NOp  concentrations 
appear  extremely  high,  it  should  be  noted  that  these  levels  are  hourly 
averages  and  the  generators  normally  would  be  operating  less  than  200  hours 
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Table  IV-2 


Hourly  Ground  Level  Concentrations  of  Emissions 
from  Stand-by  Power  Generators* 


Parameter 

GLC** 

Nitrogen  dioxides  (NO,) 

773.0 

Carbon  monoxide 

(CO)  “ 

201.0 

Sulfur  dioxides 

(SO.) 

221.6 

Particulates 

c 

69.1 

Federal  Secondary  Standard 

100  (Annual  arithmetic  mean) 
40,000  (1-hour  average) 

365  (24-hour  average) 

60  (24-hour  average) 


3 

*A11  data  presented  in  micrograms  per  cubic  meter  (ug/m  ) 

**Hourly  average  Ground  Level  Concentrations  produced  by  all  four 
5-megawatt  generators  per  hour  under  "worst  case"  climatic 
conditions 


per  year,  or  approximately  three  percent  of  the  time  within  a  year  (23 
micrograms  per  cubic  meter).  Consequently,  the  annual  arithmetic  mean 
concentration  of  N0«  would  be  expected  to  be  far  below  the  Federal  Standard 
of  100  micrograms  per  cubic  meter  (ug/m'’).  A  copy  of  the  PTMAX  calculations 
and  assumptions  is  contained  in  Appendix  C  of  the  DEIS. 

Stand-by  power  requirements  for  the  high  power  phase  would  be  expected  to  be 
the  same  as  the  low  power  phase.  At  this  time,  however,  neither  the  exact 
power  requirements  nor  the  power  source  for  the  high  power  phase  of  the 
GBFEL-TIE  project  is  known.  Therefore,  estimates  of  air  pollutant  emissions 
from  generation/energy  storage  devices  cannot  be  made.  Such  emissions  would 
be  a  factor  in  selecting  the  power  source  for  the  second  phase. 

It  is  anticipated  that  no  significant  long-term  adverse  impact  on  air  quality 
would  result  from  construction  or  operation  of  the  GBFEL-TIE  facility  at  any 
of  the  three  proposed  sites.  Mitigation  measures  (dust  suppressants  and 
reduced  equipment  operation,  where  applicable)  will  be  implemented  to  minimize 
adverse  impacts  to  the  maximum  extent  practicable. 

E.  Noise 

Construction  noise  would  be  similar  to  that  of  other  carpentry  and  concrete 
construction  with  heavy  equipment,  generators,  compressors,  various  power 
tools,  etc.  This  impact  would  be  of  relatively  short  duration  and  near 
pre-project  conditions  would  return  upon  cessation  of  construction  activities. 

Construction  workers  could  be  impacted;  however,  WSMR  complies  with  noise 
emission  standards  and  has  a  comprehensive  Hearing  Conservation  Program  which 
identifies  hazards,  establishes  control  measures  with  possible  worst  source 
control /examination,  provides  hearing  protection,  provides  audiometric  testing 
and  instructs  in  the  care  and  use  of  hearing  protection  equipment(l) . 

As  discussed  previously,  the  Antelope  WSA  is  located  within  seven  km  of  the 
Stallion  site.  Increased  noise  levels  could  be  detected  at  the  Antelope  WSA 
during  the  construction  phase  depending  upon  climatic  conditions,  time  of 
day/night,  and  type  of  construction  activity.  However,  significant  adverse 
effects  on  this  area  would  not  be  expected  since  the  distance  would  attenuate 
most  of  the  noise. 
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Noises  generated  by  construction  equipment  and  by  the  stand-by  power 
generators  (during  the  operational  phase)  would  adversely  affect  some  wildlife 
species.  Pronghorn,  in  particular,  are  extremely  sensitive  to  human 
disturbances  and  the  construction  activities  could  result  in  further 
displacements  among  the  pronghorn  populations.  Swainson's  hawks,  which  are 
known  to  nest  near  the  Stallion  site,  would  also  avoid  the  project  vicinity, 
thereby  potentially  increasing  the  demands  on  and  competition  for  available 
resource  requirements  in  other  nearby  areas. 

The  San  Andres  NWR,  which  is  adjacent  to  the  North  of  NASA  site,  supports  one 
of  the  last  remaining  populations  of  desert  bighorn  sheep.  This  species  is 
also  extremely  sensitive  to  man-induced  changes  and  activities.  Construction 
noise  could  cause  the  sheep  to  avoid  the  project  vicinity,  thus  eliminating  a 
large  portion  of  their  present  range.  In  addition,  due  to  the  potentially 
extended  duration  of  construction,  noise  and  associated  disturbances  could 
induce  physiological  damages  to  the  sheep(53). 

The  White  Sands  National  Monument  and  other  environmentally  sensitive  areas 
are  far  enough  away  from  the  Orogrande  site  that  noises  from  construction  and 
operation  of  the  proposed  GBFEL-TIE  would  be  attenuated.  Wildlife  in  the 
immediate  vicinity  would  be  affected  (e.g.,  disruption  of  courtship/nesting 
rituals).  The  magnitude  of  the  effects  would  vary  during  different  seasons, 
time  of  day  and  with  different  distances  from  the  noise  sources.  Similar 
effects  would  occur  at  the  North  of  NASA  and  Stallion  sites. 

Operation  of  either  the  low  or  high  power  phase  of  the  GBFEL-TIE  facility 
would  not  include  any  commercial  or  industrial  noise  sources  more  severe  than 
that  of  an  auxiliary  electrical  generating  plant  and  required  cooling  water 
and  vacuum  pumps.  Most  noises  would  fall  in  the  category  of  domestic  to  light 
industry  and  would  be  associated  with  periodic  maintenance  and  landscape 
activities.  Significant  noise  levels  would  not  be  a  product  or  by-product  of 
the  project.  It  is  also  expected  that  noise  baffles  would  be  utilized  to 
further  reduce  noise  levels,  if  necessary. 

F.  Biological  Resources 
1.  Vegetation 

Construction  of  the  proposed  GBFEL-TIE  at  any  of  the  sites  would  result  in  an 
irretrievable  loss  of  habitats.  The  office  space,  parking  lots,  sewage 
lagoons,  laser  test  cell,  and  beam  director  would  require  approximately  2,500 
acres.  Construction  staging  areas,  if  needed,  would  also  require  grading  and 
clearing  of  additional  habitats.  The  amount  of  construction  staging  area  that 
would  be  required,  if  any,  would  be  proposed  to  the  GBL  project  office  by  the 
construction  contractor (s).  The  GBL  project  office  will  then  closely 
coordinate  with  the  WSMR  Environmental  and  Natural  Resources  Office  (ENRO)  to 
ameliorate  additional  habitat  losses.  Although  exact  area  requirements  for 
structures  and  roads  are  not  yet  known,  for  the  purposes  of  comparison,  it  is 
assumed  that  the  total  site  would  be  cleared  and/or  fenced  and  thus  eliminated 
as  available  habitat  for  certain  wildlife  species,  especially  large  mammals. 

The  approximate  acreage  that  would  be  lost  at  each  site  under  this  assumption, 
is  presented  in  Table  IV-3,  by  habitat  type.  This  table  also  provides  an 
estimate  of  the  amount  of  vegetative  biomass  produced  by  each  habitat  type. 
This  provides  an  indication  of  the  productivity  that  would  be  "lost"  at  each 
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Table  IV-3 


Vegetation  Communities  That  Would  Be  Lost  At  Each 
Site  And  The  Associated  Biomass  Productivity 

Estimated 

Annual  Total  Annual 

Area  Productivity  Vegetative  Biomass 
Site/Vegetation  Type  (acres)  (pounds/acre)  (tons) 


Stallion 


Sand  sagebrush-soaptree  yucca 
Sand  sagebrush 

Alkali  sacaton-tobosa 

Inert 

7,804 

207 

8,889 

327 

200-600 

200-600 

400-700 

0 

780-2,340 
20-  60 
1,780-3,110 
0 

TOTAL 

17,227 

2,580-5,510 

North  of  NASA 

Mesquite-sand  dunes 
Shrub-grassland 

Juniper-sand  dunes 

Arroyo  riparian* 

Hills  grassland 

12,922 

1,164 

62 

202 

1,163 

50-100 

200-500 

200-500 

50-100 

200-500 

320-  650 
120-  290 

6-  20 
5-  10 

120-  290 

TOTAL 

15,513 

570-1,260 

Orogrande 


Mesquite-sand  dunes 

15,127 

50-100 

380- 

760 

Sand  sagebrush 

576 

50-100 

10- 

30 

Grassland* 

144 

400-700 

30- 

50 

Broom  snakeweed* 

64 

400-700 

10- 

20 

Creosotebush 

80 

50-100 

2- 

4 

TOTAL 

15,991 

430- 

860 

♦These  communities  were  not  specifically  identified  and  assigned  a  productivity 
value  by  the  U.S.  Army  (1985);  thus,  they  were  placed  in  a  comparable  category 
based  upon  species  composition  and  soil  type. 

Source:  U.S.  Army,  1985(1)  and  Geo-Marine,  Inc. 
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site.  The  most  significant  impact  to  vegetation  communities  would  occur  at 
the  Stallion  site  due  to  the  losses  that  would  be  incurred  within  the 
grassland  communities.  As  discussed  previously,  these  habitats  are  very 
sensitive  and  provide  potential  habitat  for  numerous  species  such  as  pronghorn 
and  Baird's  sparrow.  In  addition,  the  majority  of  the  additional  land 
required  for  the  ground  target  range  at  Stallion  would  be  comprised  of 
grasslands.  While  the  acreage  that  would  be  eliminated  at  each  site  is 
similar,  the  amount  of  annual  vegetative  biomass  that  would  be  lost  is  much 
greater  at  Stallion  (about  5,500  tons)  than  at  North  of  NASA  (about  1,300 
tons)  or  Orogrande  (less  than  1,000  tons). 

The  loss  of  the  alkali  sacaton  tobosa  grasslands  at  Stallion  for  the  laser 
facility  would  represent  a  reduction  of  about  16  percent  of  similar  habitat  on 
WSMR.  The  hills-grasslands  communities  at  North  of  NASA  that  would  be 
eliminated  represent  approximately  10  percent  of  this  habitat  type  presently 
available  on  WSMR;  the  mesquite-sand  dunes  comprise  about  eight  percent  of 
available  similar  habitat.  The  mesquite  sand  dunes  communities  eliminated  at 
Orogrande  represent  about  11  percent  of  available  similar  habitat  at  WSMR. 

The  ground  target  range  at  North  of  NASA  would  eliminate  about  200  acres  of 
arroyo  riparian  habitat,  which  is  a  scarce  and  valuable  community  in  the 
desert  ecosystem.  This  habitat  type  supports  a  diverse  population  of  wildlife 
species  and  provides  a  migratory  corridor  for  numerous  species.  Fencing  of 
the  ground  target  range  would  preclude  the  continued  use  of  these  corridors. 

Construction  of  power  lines,  railroad  spurs,  roads  and  pipelines  would  also 
eliminate  or  alter  the  areas'  vegetation  communities.  Transmission  line 
rights-of-way  (ROW)  would  be  temporarily  cleared  and  graded;  however,  the 
contractor(s)  would  be  required  to  reseed  the  ROW  as  prescribed  by  WSMR 
ENR0(54).  An  unimproved  road  for  inspection  and  maintenance  would  be  allowed 
to  remain  without  reseeding.  Roads,  on  the  other  hand,  would  result  in  an 
irretrievable  loss  of  certain  habitats.  The  exact  route  that  any  of  these 
facilities  would  take  within  the  possible  corridors  illustrated  previously 
(Section  II.  Comparison  of  Alternatives)  is  not  presently  known  and  would 
depend  upon  several  variables,  including  construction  limitations  (e.g., 
canyons),  institutional  constraints  (e.g.,  other  public  and  private  lands)  and 
environmental  considerations.  These  routes  would  be  coordinated  through  the 
WSMR  ENRO  and  in  some  cases  may  require  a  separate  environmental  analysis  to 
assess  specific  impacts  and  develop  mitigative  measures.  Table  IV-4  provides 
an  indication  of  the  amount  of  vegetation  that  would  be  affected  by 
construction  of  powerlines,  roads,  water  pipelines  and  possible  railroad  spurs 
to  each  of  the  three  sites.  The  data  in  this  table  assume  the  shortest 
practical  distance  required  to  construct  each  facility  ROW,  but  are  not 
conclusive  as  to  final  configuration. 

As  indicated  by  these  data,  the  Stallion  and  North  of  NASA  sites  would  require 
at  least  three  times  more  land  for  construction  of  these  facilities,  than 
Orogrande,  primarily  due  to  the  remoteness  of  the  sites. 

Normal  operations  of  the  GBFEL-TIE  at  any  site  would  have  no  significant 
impact  upon  the  area's  vegetation.  Ingress  and  egress  to  the  facility  would 
be  restricted  to  existing  or  newly  constructed  paved  and/or  dirt  roads. 

Any  accidental  fires  and  spills,  on  the  other  hand,  would  have  detrimental 
effects  to  the  habitat  communities  within  the  immediate  area  regardless  of 
site.  Fires  could  be  ignited  by  explosions  at  capacitor  banks,  tank  farms 
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Table  IV-4 


Potential  Habitat  Losses,  by  Site,  due  to  Powerline,  Road, 

Water  Pipeline  and  Railroad  Construction 

Stallion  North  of  NASA  Orogrande 


Facility 

ROW 

(m) 

Length*  #  Acres 
(km) 

Length* 

(km) 

#  Acres 

Length* 

(km) 

#  Acres 

Power  transmission 

30 

50 

,370 

25 

190 

16 

120 

Road 

25 

3 

19 

38 

230 

2 

12 

Railroad 

30 

43 

320 

36 

270 

14 

100 

Water  pipeline 

8 

44 

87  • 

23 

45 

32 

64 

Total 

800 

740 

296 

*These  are  estimated  shortest  practical  distances  and  not  necessarily 
representative  of  final  configuration. 

Source:  Moya,  1986(54),  General  Research  Corp.,  1986(2),  and  Geo-Marine, 
Inc. 


(area  reserved  for  storage  tanks),  or  other  components  of  the  laser  device. 
Similarly,  leaks  of  potentially  hazardous  chemicals  could  result  from  such 
explosions.  The  exact  magnitude  of  the  effects  of  such  catastrophes  on  the 
area's  vegetation  is  not  quantifiable,  but  would  depend  upon  several  variables 
including  size  and  type  of  explosion,  type  and  amount  of  leaks  and/or  fires, 
location  of  fire/leak,  season  in  which  the  accident  occurred,  responsiveness 
and  efficiency  of  the  emergency  response  team  to  activate  WSMR's  Spill 
Prevention  Control  and  Countermeasure  Plan  (SPCCP)  and  Installation  Spill 
Contingency  Plan  (ISCP),  and  other  biotic  (general  productivity)  and  abiotic 
(climatic  conditions)  factors.  McLaughlin  and  Bowers(55)  investigated  the 
effects  of  a  burn  in  a  similar  desert-grassland  community  and  reported  that, 
after  two  years,  the  density  and  cover  of  all  the  plant  species  were  still 
only  nine  percent  and  16  percent,  respectively,  of  that  in  the  surrounding 
unburned  plant  communities. 

2.  Reptiles  and  Amphibians 

Potential  habitats  for  the  barred  tiger  salamander  occur  in  the  extreme 
eastern  portion  of  the  North  of  NASA  site  within  the  foothills  of  the  San 
Andres  Mountains.  However,  the  proposed  GBFEL-TIE  facility  would  be 
constructed  in  the  western  areas  of  the  site  where  the  terrain  is  more  level, 
and  thus  better  suited  for  the  laser  facility.  Consequently,  construction 
activities  would  not  affect  this  species,  if  it  does  in  fact  inhabit  the  area. 

Elimination  of  grasslands  at  the  Stallion  site  would  affect  populations  of  the, 
yellow. box  turtle,  which  is  the  only  turtle  species  known  or  presumed  to  occur 
in  the  vicinity  of  WSMR.  The  number  of  turtles  that  could  successfully  move 
into  other  nearby  areas  would  depend  upon  several  factors  including  the  time 
of  year  construction  was  performed;  quality,  suitability,  and  carrying 
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capacity  of  nearby  habitats;  current  status  of  turtle  populations;  and 
distance  of  suitable  habitats  from  construction  sites. 

Burrowing  or  less  mobile  reptiles  and  amphibians,  such  as  spadefoot  toads  and 
black-headed  snakes,  may  be  crushed  at  all  sites  during  construction 
activities.  Other  more  mobile  species,  such  as  western  coachwhip  and 
checkered  whiptail,  would  avoid  the  immediate  area  of  disturbance.  However, 
elimination  of  habitats  at  each  of  the  sites  could  result  in  the  loss  of  up  to 
35  lizards  per  hectare  (14/acre)  of  habitat  destroyed,  based  upon  herpetofauna 
densities  from  similar  habitat  types(l).  The  potential  losses,  therefore, 
would  be  about  11,200  at  Stallion,  10,360  at  North  of  NASA,  and  4,200  at 
Orogrande. 

Normal  operation  of  the  laser  facility  would  not  significantly  affect  reptile 
and  amphibian  populations,  with  the  possible  exception  of  firing  at  ground 
targets.  Reptiles,  in  particular,  may  use  the  backstop  structures  constructed 
for  the  ground  targets  as  resting  or  "sunning"  locations.  Those  reptiles  and 
amphibians  hit  directly  by  the  laser  beam  or  indirectly  by  backscattering  or 
reflectance  would  be  injured  or  killed.  Lead  and  concrete  shielding  would  be 
installed  to  contain  ionizing  radiation  outside  of  the  facility  to  less  than 
0.002  rads  per  hour  (r/h).  This  concentration  would  be  further  reduced  with 
distance.  Additionally,  ionizing  radiation  would  occur  only  for  the  duration 
of  each  laser  run  (i.e.,  60  seconds);  there  would  not  be  any  residual  ionizing 
radiation  to  the  outside  environment  after  cessation  of  each  test. 

Accidental  fires  or  spills,  as  discussed  previously,  would  cause  additional 
losses  to  the  herpetofauna  either  directly  (e.g.,  burned)  or  indirectly  (e.g., 
loss  of  habitat).  Again,  the  magnitude  of  these  effects  would  depend  upon 
numerous  biotic  and  abiotic  factors. 

3.  Fish 

The  only  fish  that  has  been  reported  on  WSMR  is  the  White  Sands  pupfish 
(Cyprinodon  tularosa),  which  is  endemic  to  the  Salt  Creek  drainage  basin 
and  associated  drainages  and  springs.  The  pupfish 's  habitat  areas  are  47  km 
from  the  Orogrande  site  and  separated  from  the  North  of  NASA  and  Stallion 
sites  by  mountain  ranges.  Thus,  the  pupfish  would  not  be  affected  by  the 
construction  or  operation  of  the  proposed  GBFEL-TIE. 

4.  Birds 

Since  birds  are  usually  mobile,  they  would  be  able  to  avoid  the  immediate 
construction  areas.  However,  breeding  and  nesting  rituals  would  be 
interrupted  each  year  that  construction  continues.  This  disruption  may  have 
significant  impacts  on  the  local  populations  of  some  species.  Those  species 
expected  to  be  breeding  and  thus  disturbed,  are  presented  by  site  in  Table 
IV-5. 

Some  birds  (e.g.,  mourning  doves)  would  attempt  to  breed  again  in  another 
location  if  disturbed;  however,  other  species  (e.g.,  golden  eagle,  Swainson's 
hawk,  etc.)  may  not  make  another  attempt,  thereby  potentially  reducing  the 
local  populations  of  these  species. 

Elimination  of  feeding  and  nesting  habitats  would  also  indirectly  reduce  bird 
populations.  The  U.S.  Army(l)  reported  that  bird  densities  within  semi-desert 
shrub  areas  range  from  a  low  of  0.046  birds  per  acre  to  a  high  of  0,896  birds 
per  acre.  Table  IV-6  presents  the  estimated  number  of  birds  based  upon  these 
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Table  IV-5 


Breeding  Bird  Species  Presumed  or  Known  to  Occur 
at  or  near  the  Proposed  GBFEL-TIE  Sites 


Species _ 

Swainson's  hawk 
Red-tailed  hawk 
Golden  eagle 
Prairie  falcon 
American  kestrel 
Wild  turkey 
Scaled  quail 
Gambel's  quail 
Mourning  dove 
Greater  roadrunner 
Common  barn  owl 
Great  horned  owl 
Northern  flicker 
Say's  phoebe 
Western  kingbird 
Chihuahuan  .raven 
Cactus  wren 
Northern  mockingbird 
Curve-billed  thrasher 
House  finch 


Stallion 

3 

3 

2 

2 

2 

1 

2 

2 

2 

2 

1 

2 

1 

2 

2 

2 

3 

3 

2 

2 


Pot ential  Occurrence* 

North  of  NASA  Orogranoe 


2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

2 

2 


2 

3 

1 

2 

2 

1 

2 

2 

2 

2 

3 

2 

1 

2 

2 

2 

3 

3 

2 

2 


1  *  little  or  no  chance 

2  =  good  chance  due  to  suitable  habitat 

3  =  known  to  breed  in  vicinity 


Source:  Oberholser,  1974(23);  U.S.  Army,  1985(1);  and 
Geo-Marine,  Inc. 
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Table  IV-6 


Potential  Losses  to  Bird  Populations 
due  to  Habitat  Reduction 


Requirement* 

Potential 

Bird  Losses 

Site/Facility 

(acres)  1 

Minimum 

Maximum 

Stallion: 

Laser 

17,227 

790 

15,430 

Other 

800 

40 

720 

Total 

830 

16,150 

North  of  NASA: 

iaser 

15,513 

710 

13,900 

Other 

740 

30 

660 

Total 

750 

14,560 

Orogrande: 

Laser 

15,991 

740 

14,330 

Other 

300 

10 

270 

Total 

*From  Tables  IV-3 

and  IV-4 

750 

14,600 

**Minimum  density 
Maximum  density 

=  0.046  birds/acre 
=  0.896  birds/acre 

» 

Source:  U.S.  Army 

’,  1985(1)  and  Geo-Marine,  Inc 

• 
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reported  densities,  that  would  be  lost,  by  site,  due  to  habitat  reductions 
caused  by  construction  of  the  laser  facility.  It  should  be  noted  that  these 
estimates  represent  maximum  numbers  based  upon  the  area  that  would  be  fenced. 
Other  habitats  within  the  area  would  remain  undisturbed  and  thus  the  losses 
presented  in  this  table  would  be  much  less. 

Birds  that  fly  directly  into  the  laser  beam  would  be  injured  or  killed. 
However,  the  chances  of  this  occurring  would  be  extremely  remote,  especially 
considering  the  safety  mechanisms  that  would  be  incorporated  into  the  laser 
system  that  would  immediately  cease  or  preclude  the  lasing  process  if  objects 
greater  than  1.0  cm  in  diameter  are  detected  near  the  beam  path.  On  the  other 
hand,  individual  birds  that  utilize  the  ground  target  structures  for  feeding 
or  resting  may  be  injured  or  killed  from  backscattering  of  the  beam's 
energies. 

Raptors,  such  as  golden  eagles  and  red-tail  hawks,  use  powerline  poles  for 
perching  sites  and  occasionally  for  nesting  sites.  If  the  spacings  between 
conductors  are  inadequate,  the  birds  could  become  entangled  or  electrocuted. 
Measures  to  mitigate  these  potential  consequences  are  discussed  in  the 
following  section. 

As  was  discussed  previously  (IV.  F.  2.  Reptiles  and  Amphibians),  accidental 
fires,  although  unlikely,  could  occur  and  would  destroy  valuable  wildlife 
habitat.  Destruction  of  these  habitats  would  result  in  subsequent  reduction 
in  wildlife  populations  due  to  reduced  prey  base  and/or  other  food  sources 
(i.e.,  seeds,  stems,  etc.),  stress  and  overcrowding,  and  direct  death  caused 
by  the  fire.  The  magnitude  of  these  impacts  would  depend  upon  the  weather 
conditions  at  the  time  of  the  fire,  location  of  the  fire,  type  of  fire  and 
efficiency  and  response  time  of  the  fire  control  and  prevention  plan. 

5.  Mammals 

The  potential  impacts  to  mammals  from  construction  activities  would  be  similar 
to  the  impacts  to  both  herpetofauna  and  birds.  That  is,  the  burrowing  species 
such  as  ground  squirrels  and  pocket  gophers,  may  be  killed  while  the  more 
mobile  species  (i.e.,  jackrabbit,  pronghorn,  etc.)  would  flee  the  immediate 
area.  Some  of  the  smaller  rodents  would  move  back  into  the  project  area. 
However,  larger  mammals  such  as  pronghorn  and  gemsbok  would  probably 
permanently  avoid  the  immediate  project  area.  In  addition,  any  fence  that 
would  be  placed  around  the  perimeter  of  the  facility  and  ground  target  ranges 
would  preclude  the  reentry  of  such  species. 

The  loss  of  habitats  would  result  in  additional  irretrievable  losses  in  mammal 
populations.  The  U.S.  Army(l)  reported  densities  of  small  rodents  from  five 
different  habitat  types.  The  minimum  density  (0.27  individuals/acre)  occurred 
in  climactic  black  grama  grasslands;  the  maximum  density  reported  in  a  habitat 
type  that  would  be  representative  of  the  proposed  alternative  sites  was  0.57 
individuals  per  acre.  This  density  was  reported  for  the  four-wing 
saltbush/mesquite  community.  Table  IV-7  provides  an  indication  of  the 
potential  losses  of  small  mammals,  by  site,  that  would  occur  due  to 
construction  of  the  laser  facility  and  ancillary  structures  (e.g.,  power  and 
water  transmission  lines,  railroads,  and  roads).  Again,  these  are  maximum 
numbers;  small  mammals  would  still  have  access  to  the  fenced  areas  and  thus 
these  losses  would  be  significantly' reduced. 

No  impacts  to  mammals  would  be  expected  to  occur  as  a  result  of  the  normal 
operations  of  the  proposed  GBFEL-TIE,  except  for  the  possible  direct  or 
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Table  IV-7 


Potential  Losses  to  Small  Mammal 
Populations  due  to  Habitat  Reduction 


Requirement^ 

Potential 

Mammal  Losses^^ 

Site/Facility 

(acres) 

Minimum 

Maximum 

Stallion: 

Laser 

17,227 

4,650 

9,820 

Other 

800 

220 

460 

Total 

4,870 

10,280 

North  of  NASA: 

Laser 

15,513 

4,190 

8,840 

Other 

740 

200 

420 

Total 

4,390 

9,260 

Orogrande: 

Laser 

15,991 

4,320 

9,120 

Other 

300 

80 

170 

Total. 

4,400 

9,290 

♦From  Tables  IV-3 

and  IV-4 

♦♦Minimum  density  =  0.27  individuals/acre; 
Maximum  density  =  0.57  individuals/acre 

Source:  U.S.  Army,  1985(1)  and  Geo-Marine,  Inc. 
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indirect  contact  with  the  beam  energies  near  the  ground  target  structures,  as 
discussed  previously  for  herpetofauna  and  birds. 

Several  studies  recently  prepared  concerning  various  laser  projects  proposed 
in  the  the  New  Mexico  area  have  indicated  that  cumulative  impacts  to  wildlife 
from  laser  propagation  are  negl igible(56,57,58,59,60,61) .  However,  none  of 
these  or  other  studies  have  addressed  potential  impacts  to  wildlife  from 
lasers  with  the  high  energy  levels  that  would  be  expected  from  the  GBFEL-TIE. 
As  an  indication,  Table  IV-8  provides  a  quantitative  description  of  the 
cumulative  impact  of  all  lasers  used  on  WSMR.  As  can  be  seen  from  these  data, 
quail  are  more  likely  to  come  into  contact  with  hazardous  radiation,  while 
deer  and  mountain  lions  receive  negligible  effects.  It  should  be  noted  that 
all  WSMR  laser  activity  was  included  in  these  calculations;  again,  however, 
the  proposed  GBFEL-TIE  would  be  much  more  powerful  than  these  lasers. 


Table  IV-8 


Probable  Numbers  of  Wildlife  Receiving  Hazardous 
Radiation  Per  Year  from  WSMR  Laser  Activity 

Probable  Number  Receiving  Estimated  1980 
Species  Hazardous  Radiation  WSMR  Population 

Antelope 
Bighorn  sheep 
Bobcat 
Coyote 
Deer 
Dove 

Feral  Horse 
Gemsbok 
Golden  Eagle 
Hawk  (all  species) 

Mountain  Lion 
Quail  (all  species) 

Turkey 

Source:  U.S.  Army,  1980(57)  and  1985(12) 


0.004 

400 

0.0 

30 

0.582 

200 

1.323 

500 

Negligible 

3,500 

0.653 

2,000 

0.004 

150 

0.008 

300 

0.015 

35 

0.101 

200 

Negligible 

75 

14.646 

31,760 

0.0 

75' 
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Accidental  fires  would  have  similar  effects  upon  mammals  as  on  birds. 
Reductions  in  populations  of  small  birds  and  small  mammals  would  indirectly 
adversely  affect  the  larger  carnivores  by  reducing  their  prey  base. 

6.  Threatened  and  Endangered  Species 

Federally  listed  threatened  or  endangered  species  would  not  be  expected  to  be 
impacted  by  the  proposed  project  at  the  Orogrande  site.  The  Sneed  pincushion 
cactus  and  Lloyd  hedgehog  cactus  grow  at  high  elevations  within  the  Franklin 
and  Jarilla  Mountains,  respectively.  No  portion  of  the  proposed  project  would 
require  construction  of  facilities  in  the  higher  elevations  in  these  mountain 
ranges  where  these  species  normally  grow.  No  Aplomado  falcons  are  known  to 
occur  in  New  Mexico  and  thus  no  impacts  to  this  species  would  be  expected. 

The  interior  least  tern  requires  beaches  and  sandbars  for  resting  and  feeding, 
and  thus  would  not  be  affected  by  construction  or  operation  activities  at  any 
of  the  proposed  sites.  Suitable  habitat  may  occur  along  the  Rio  Grande; 
consequently,  interior  least  terns,  if  they  are  present,  may  be  affected  by 
the  construction  associated  with  supplying  surface  water  from  the  Rio  Grande 
alluvium. 

Bald  eagles  are  transient  species  which  have  been  reported  near  to  Lake 
Lucero.  Consequently,  it  is  possible  that  bald  eagles  could  occur  at  a  given 
time  over  any  of  the  three  sites(62).  Construction  activities  at  any  of  the 
sites  should  not  adversely  affect  bald  eagles;  however,  they  may  be  affected 
by  power  transmission  lines,  particularly  if  the  conductor  spacings  are 
inadequate,  as  discussed  previously.  The  large  size  of  the  power  lines  that 
would  be  required  O'.e.,  345  Kv)  would  require  large  spacings  between  the 
conductors,  and  thus  should  not  present  a  problem  to  eagles  or  other  raptors. 
Additional  measures  to  reduce  these  potential  effects  are  discussed  in  the 
following  sections. 

The  whooping  crane  usually  travels  along  a  major  drainage  system  (e.g.,  Rio 
Grande)  during  its  migration.  Therefore,  it  is  improbable  that  whooping 
cranes  would  occur  within  or  near  any  of  the  proposed  project  areas.  This  is 
particularly  true  of  the  Orogrande  site.  However,  whooping  cranes  often  flock 
with  sandhill  cranes,  and  sandhill  cranes  have  been  reported  to  fly  over  WSMR. 
Whooping  and  sandhill  cranes  would  be  susceptible  to 

entanglement/electrocution  by  power  lines  constructed  across  the  Rio  Grande 
Valley  for  the  North  of  NASA  and  Stallion  sites. 

Falcon  eyries  have  recently  been  discovered  in  the  Oscura  Mountains, 
approximately  26  km  east  of  the  Stallion  site.  It  is  not  known  at  present  if 
these  are  peregrine  or  prairie  falcon  eyries(14).  Elimination  of  portions  of 
the  grasslands  and  the  consequent  reduction  of  prey  items  would  adversely 
affect  either  species  of  falcons.  Potential  feeding  and  nesting  habitat  of 
the  peregrine  falcon  occurs  at  both  the  Stallion  and  North  of  NASA  sites. 
Peregrine  falcons  have  also  been  reported  at  Lake  Holloman  approximately  32  km 
from  the  Orogrande  site.  Construction  operations  and  increased  activities 
during  the  operational  phase  may  disturb  peregrine  falcons,  if  they  are 
present,  at  any  site,  but  should  not  adversely  impact  the  species. 

.  Three  species  protected  by  the  State  of  New  Mexico  would  probably  be  affected 
if  the  Stallion  site  is  selected;  Swainson's  hawk,  Baird's  sparrow  and 
McCown's  longspur.  The  playas  and  grasslands  at  the  Stallion  site  are 
preferred  habitat  types  of  the  latter  two  species.  However,  no  specific 
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survey  for  either  species  has  been  conducted.  Swainson's  hawk  has  recently 
been  reported  to  nest  near  the  Stallion  site.  Reduction  in  suitable  habitat, 
increased  activities  and  additional  powerlines  may  result  in  significant 
adverse  effects  to  this  species.  Swainson's  hawks  have  also  been  observed  at 
the  other  two  sites,  but  no  nests  have  been  reported  from  the  North  of  NASA 
site.  During  recent  field  reconnaissance,  a  raptor  nest,  believed  to  be  that 
of  a  Swainson's  hawk,  was  recorded  near  the  southern  end  of  the  Orogrande 
site. 

Construction  and  operation  of  the  proposed  project  at  the  North  of  NASA  site 
may  adversely  affect  the  desert  bighorn  sheep  which  primarily  inhabit  the  San 
Andres  NWR.  These  animals  tend  to  avoid  areas  of  human  disturbance,  and  thus, 
the  proposed  project  may  further  limit  their  restricted  range.  Additionally, 
chronic,  low  level  stress  caused  by  construction,  operation  and  maintenance 
activities,  particularly  during  daytime  hours,  may  cause  physiological  damages 
to  the  sheep (53). 

The  Trans-pecos  rat  snake  and  gray  vireo  are  two  other  state  endangered 
species  which  probably  inhabit  the  extreme  eastern  portion  of  the  North  of 
NASA  site.  Construction  activities  could  destroy  some  individual  rat  snakes, 
especially  since  this  species  is  nocturnal  and  would  be  underground  at  the 
time  construction  activities  would  probably  be  conducted(63,64) .  Gray  vireos 
would  avoid  the  immediate  construction  areas,  and  thus  would  not  be 
significantly  affected  directly  by  these  activities;  however,  loss  of  habitat 
would  result  in  reduced  local  populations  of  the  gray  vireo. 

Potential  habitat  for  the  Organ  Mountains  chipmunk  may  occur  in  the  San  Andres 
Mountains  near  the  North  of  NASA  site,  although  no  specific  survey  has  been 
conducted.  Still,  no  significant  impacts  to  this  species,  if  it  occurs,  would 
be  expected  since  construction  and  operation  of  the  laser  facility  would  be 
limited  to  those  areas  which  are  not  expected  to  support  suitable  habitat  for 
the  chipmunk. 

There  is  little  or  no  probability  that  any  species  contained  on  the  New  Mexico 
endangered  species  list  would  be  affected  by  the  proposed  project  if  the 
Orogrande  site  would  be  utilized,  with  the  possible  exception  of  Swainson's 
hawk.  Swainson's  hawks  have  been  reported  near  the  Orogrande  site  and  would 
avoid  the  immediate  construction  area. 

7.  Other  Unique  and/or  Environmentally 
Sensitive  Resources 

The  primary  impacts  to  unique  or  sensitive  resources  as  a  result  of  the 
proposed  GBFEL-TIE  project  would  include  potential  effects  to  the  seeps  and 
springs  at  the  North  of  NASA  site  and  the  elimination  of  some  grasslands  at 
the  Stallion  site.  Development  of  well  fields  in  the  Jornada  del  Muerto  Basin 
or  in  the  Rio  Grande  Alluvium  would  not  be  expected  to  significantly  affect 
seeps  and  springs  in  the  San  Andres  Mountains.  However,  fences  may  preclude 
the  use  of  some  of  these  resources  by  wildlife,  particularly  large  mammals. 
These  seeps  and  springs  provide  valuable  habitat  for  a  variety  of  wildlife 
species,  as  discussed  previously  in  Section  III.  As  mentioned  previously,  the 
New  Well  site  at  the  North  of  NASA  would  be  displaced.  This  valuable  water 
source  would  have  to  be  replaced  by  water  catchments  outside  of  the  GBFEL-TIE 
area. 
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Elimination  of  grasslands  at  the  Stallion  site  and  the  use  of  fences,  which 
would  further  decrease  the  amount  of  grasslands  available,  may  have 
significant  adverse  effects  upon  the  local  populations  of  pronghorn.  Current 
herd  population  for  pronghorn  is  approximately  400  head,  with  a  buck/doe/fawn 
ratio  of  56/100/47.  Pronghorn  antelope  production  varies  with  season. 
Populations  are  heavily  influenced  by  dry  seasons  which  result  in  low  forage 
values  and  a  decreased  fawn  survival  rate.  Any  elimination  of  available 
habitat  would  impact  the  herd,  and  when  combined  with  noise  and  occupational 
impact,  could  potentially  impact  this  herd  beyond  recovery(72) . 

A  portion  of  the  fence  around  the  North  of  NASA  site  would  be  close  to  the  San 
Andres  NWR's  western  boundary.  Actual  surveys  of  the  proposed  project 
boundary  have  not  been  conducted;  however,  it  should  be  stressed  that  no 
fences  would  be  constructed  on  or  across  the  refuge.  In  addition,  no 
utilities  (e.g.,  road,  powerlines,  etc.)  would  be  constructed  on  the  San 
Andres  and  Bosque  del  Apache  NWRs,  White  Sands  National  Monument  or  other  such 
lands.  Consequently,  these  environmentally  sensitive  areas  would  not  be 
directly  affected  by  the  construction  activities,  except  for  potential 
increases  in  noise  levels,  as  discussed  previously.  Operation  of  the 
G8FEL-TIE  would  also  not  be  expected  to  cause  any  significant  adverse  effects 
to  these  areas. 

G.  Cultural  Resources 

The  Stallion  and  North  of  NASA  sites  were  surveyed  for  archeological  resources 
using  a  14  percent  sample.  The  Orogrande  area  was  intensively  surveyed  during 
the  Borderstar  1985  Environmental  Assessment.  Projections  based  on  sample 
survey  data  indicate  the  probable  magnitude  of  potential  adverse  impacts  at 
the  three  alternative  sites  as  a  result  of  the  proposed  construction  and 
operation  of  the  GBFEL-TIE.  These  projections  were  developed  using  a 
predictive  model  based  upon  results  from  the  present  and  previous  studies. 

This  section  is  a  synopsis  of  results  which  are  contained  in  Appendix  B  of  the 
DEIS. 

The  predictive  model  results  can  be  summarized  as  follows: 

1.  The  Orogrande  and  Stallion  alternatives  are  roughly 
equal  in  terms  of  relative  densities  of  various 
kinds  of  cultural  remains.  Orogrande  is 
characterized  by  greater  numbers  of  small  lithic 
and/or  ceramic  sites,  greater  ceramics  diversity, 
and  possibly  by  more  abundant  fireusing  features. 

The  greater  diversity  of  ceramics  may  indicate  the 
presence  of  hidden  residential  features. 

2.  The  North  of  NASA  alternative  represents  an 
entirely  different  situation,  with  site  densities, 
sizes  and  complexity  which  overshadow  those  of  the 
other  alternatives.  Much  of  the  area  appears  to 
represent  the  cumulative  record  of  extensive, 
recurrent  occupation  of  the  alluvial  fan  area. 
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3.  In  all  three  areas,  areas  of  increased  slope  (the 
alluvial  fans)  are  characterized  by  increased  site 
area,  artifact  density  and  diversity.  Archaic  and 
Multicomponent  sites  especially  increase  in  number 
and  extent  on  the  fans.  In  the  North  of  NASA  area, 
the  Middle  fan  zone  is  generally  the  most  complex 
of  the  three  zones  defined,  with  densities  dropping 
off  somewhat  on  the  Upper  fan  (Archaic  site  area, 
however,  increases  on  the  Upper  fan). 

Figures  IV-4  and  IV-5  and  Table  IV-9  summarize  the  predictive  results  by 
comparing  the  three  sites  without  reference  to  the  environmental  strata.  It 
is  clear  that  the  North  of  NASA  area  differs  markedly  from  the  Stallion  and 
Orogrande  alternatives. 

The  total  site  area  recorded  at  the  Orogrande  site  during  the  Border  Star 
survey  may  underestimate  the  true  site  area  by  20-50  percent,  due  to  the 
surveyors'  inability  to  record  small  sites  located  entirely  between  the 
transects.  However,  all  major  sites  have  been  identified  and  tabulated. 

Table  IV-9  presents  projected  cultural  remains  which  would  be  impacted  by  each 
alternative,  assuming  10  km2  of  construction  activities.  This  10  km2 
includes  the  area  occupied  by  the  facility  and  its  ancillary  support 
(buildings,  parking  lots,  etc.).  In  addition  to  total  sites  and  site  area, 
total  site  area  statistics  for  sites  of  low-moderate  or  higher  artifact 
density  (>=0.2/m2,  <1.0/m2  or  1  artifact  per  5  m2)  and  for  high  density 
sites  (>=l/m2)  are  presented  to  provide  a  framework  for  assessing  the 
potential  data  recovery  efforts  required.  Similar  site  area  figures  are 
provided  for  sites  with  Lithic  diversities  that  have  at  least  six  types 
present  and  for  ceramic  diversities  that  have  at  least  three  types 
represented. 

The  data  in  Table  IV-9  indicate  that  the  North  of  NASA  alternative  represents 
the  greatest  potential  impact  and  a  massive  mitigation  effort  —  over 
3,000,000  square  meters  of  site  area,  including  over  1,000,000  square  meters 
of  high-density  site  area  and  2,000,000  square  meters  of  high-diversity  site 
area. 

The  Stallion  and  Orogrande  alternatives  would  be  roughly  equal  in  terms  of 
potential  impact.  The  Orogrande  area  has  less  high-diversity  site  area  but 
more  sites  and  more  high-density  site  area,  and  may  have  more  fire-using 
features.  The  Stallion  alternative,  on  the  other  hand,  appears  to  have  fewer 
sites  but  contains  a  higher  incidence  of  Archaic  and  Multicomponent  site 
areas . 

The  higher  numbers  of  sites  in  the  Orogrande  area  may  indicate  that  cultural 
resources  are  scattered  in  more,  perhaps  smaller,  packages. 

Utility  rights-of-way  and  roads  represent  additional  potential  impacts  to 
cultural  resources,  which  must  be  considered  further  prior  to  selection  of 
exact  rights-of-way.  A  separate  environmental  analysis  would  be  required  to 
assess  potential  impacts  from  their  construction  and  maintenance  since  the 
current  investigations  did  not  include  utility  rights-of-way.  Areas  expected 
to  be  impacted  by  these  facilities  are  presented  in  Table  IV-10. 
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Figure  IV-5. 


Estimated  Site  Area  Percentage  by  Density  Class. 
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Table  IV-9 


Projected  Impacts  of  a  Hypothetical  10  sq  km 
Facility  on  the  Three  Alternatives 

Total  Site  Area  (m2)  Site  Area  (m2) 

Total  Site  Area  Artifact  Density*  Artifact  Diversity** 


Area 

Sites 

(m2) 

>=0.2<1.0 

>=1.0 

Lithic>=6 

Ceramic>=^ 

Stallion 

37 

219,390 

12,060 

0 

20,640 

12,307 

North  of  NASA 

64 

3,042,420 

1,480 

1,081,600  2,987,818 

2,438,490 

Orogrande 

132 

214,450 

67,400 

5,090 

49,117 

1,590 

*Artifact  Density  -  site  area  in  10  km  block  projected  to  contain  >=0.2  and 
less  than  1.0  artifacts/m2.  Density  of  remaining  site  area  has  an  artifact 
density  of  <0.2/m2. 


**Artifact  Diversity  -  site  area  in  10  km  block  projected  to  contain  sites 
with  >=6  types  of  lithics  or  >=3  types  of  ceramics 


Table  IV-10 

Utility  Cultural  Impact* 


Stallion  North  of  NASA  Orogrande 


ROW 

(m) 

Length 

(km) 

Area 

(acre) 

Length 

(km) 

Area 

(acre) 

Length 

(km) 

Area 
( acre ) 

Power  transmission 

30 

50 

370 

25 

190 

16 

120 

Water 

8 

44 

87 

23 

45 

32 

64 

Road 

25 

3 

19 

38 

230 

2 

12 

Railroad 

30 

43 

320 

36 

270 

14 

100 

Total  Area  Impacted 

800 

740 

300 

Hypothetical  Percent 
Area  Affected 

0.0216 

0.2219 

0,0214 

Hypothetical  Impact 
Area  (acres) 

17 

160 

6 

*Right-of-way  (ROW)  =  width  of  right-of-way 

Length  =  minimum  length  of  utility  right-of-way  from  source  to  facility 
Area  =  minimum  area  or  utility  right-of-way  assuming  length  and  width 
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H.  Socioeconomic  Resources 

The  socioeconomic  impacts  of  large  scale  projects  are  generally  associated 
with  the  number  of  workers  who  come  into  an  area  in  response  to  recently 
available  jobs  and  where  those  workers  choose  to  live.  The  local/non-local 
mix  can  be  highly  variable  and  difficult  to  predict.  It  depends  on  the  size 
and  skill  level  of  the  local  labor  pool,  competition  for  workers  from  other 
area  construction  projects,  the  existence  of  "locals-first"  hiring  practices 
and  efforts  to  promote  long  distance  commuting. 

Incoming  workers  will  settle  where  housing  and  other  amenities  are  available. 
Two  general  assumptions  underlie  estimates  of  where  those  workers  will  settle. 
The  first  assumption  is  that  the  population  of  a  place  is  a  surrogate  measure 
of  the  availability  of  housing/amenities  and  thus  communities  will  attract 
incoming  workers  in  proportion  to  their  population.  The  second  assumption  is 
that  the  farther  a  community  is  from  the  work  site  the  less  attractive  it  will 
be  as  a  place  to  settle. 

Factors  specific  to  each  project  can  greatly  affect  the  actual  settlement 
pattern  of  incoming  workers.  Among  these  are  such  actions  as  the  provision  of 
temporary  dormitory  housing  for  workers  at  the  construction  site,  encouraging 
long  distance  commuting  by  using  van  pools  and  labor  buses,  the  provision  of 
special  temporary  housing  by  individual  communities,  or  other  inducements  by 
local  communities. 

It  should  also  be  noted,  as  the  preceding  paragraphs  indicate,  that  given  the 
uncertainties  that  surround  the  determining  factors,  it  is  impossible  to 
precisely  predict  the  number  of  people  who  will  be  attracted  into  the  area  by 
GBFEL-TIE  and  just  where  these  people  will  settle. 

However,  the  procedures  followed,  the  models  with  their  attendant  assumptions, 
the  specific  multipliers  and  parameters  chosen,  reflect  widely  used  and 
generally  accepted  approaches.  The  estimates  generated,  while  not  exact, 
allow  for  a  comparison  of  the  relative  socioeconomic  effects  associated  with 
each  site  considered.  Based  on  the  information  available,  these  projections 
are  the  most  reasonable  estimate  of  expected  impacts. 

GBFEL-TIE  related  employment  estimates  and  schedules  for  construction  and 
operation  are  based  on  figures  provided  to  Geo-Marine,  Inc.  by  USASDC,  Fort 
Worth  District  Corps  of  Engineers  and  WSMR.  The  GBFEL-TIE  related  employment 
estimates  and  construction  schedule  were  presented  previously  in  Table  I-l. 

These  estimates,  along  with  employment  data  obtained  from  WSMR,  U.S.  Census 
and  local  public  sources,  were  used  to  estimate  the  number  of  workers  that 
would  be  expected  to  move  into  the  study  area  in  response  to  the 
implementation  of  GBFEL-TIE. 

A  "gravity  model"  was  used  to  estimate  where  the  incoming  population  would 
settle.  The  calculations  and  assumptions  made  for  the  population  impact  and 
gravity  models  are  contained  in  Appendix  D.  Key  assumptions  made  for  these 
models  were:  (1)  construction  personnel  would  generally  drive  at  least  160  km 
(100  miles)  to  a  work  site;  and  (2)  residence  distribution  for  the 
operation/supervisory  personnel  would  be  similar  to  that  of  current  WSMR 
civilian  personnel.  In-migrating  population  distribution  factors  produced  by 
the  gravity  model  are  presented  by  county  in  Table  IV-11. 
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Table  IV-11 


Distribution  Factors  for  Construction,  Operation 
and  Secondary®  Workers  and  Attendant  Dependents 


Site 


Oroqrande 

North  of 

NASA 

Stal lion 

County 

Construction 
&  Secondary 

Operations 

Construction 
&  Secondary 

Operations 

Construction 
&  Secondary 

Operations 

Bernal i 1 lo 

* 

* 

* 

* 

.654 

.307 

Dona  Ana 

.190 

.234 

.433 

.831 

* 

* 

Lincoln 

.007 

.002 

* 

* 

.045 

.045 

Otero 

.105 

.175 

.037 

.009 

* 

* 

Sierra 

* 

* 

.006 

.001 

.020 

.013 

Socorro 

* 

* 

* 

* 

.166 

.536 

Torrance 

* 

* 

* 

* 

.014 

.008 

Valencia 

* 

★ 

* 

* 

.101 

.091 

El  Paso 

.698 

.588 

.524 

.157 

* 

★ 

1.000 

0.999** 

1.000 

0.998 

1.000 

1.000 

♦indicates  not  applicable 

**tnay  not  total  1.000  due  to  rounding 

®Those  workers  necessary  to  fill  the  employment  created  by  the  primary  jobs  for  sales 
and  services. 


1.  Projected  Impacts  of  Increased  Population 

a.  Introduction 

Based  on  estimates  of  currently  available  construction  workers,  it  is 
projected  that  sufficient  construction  labor  would  be  available  locally  in  the 
study  area  to  accommodate  60  percent  of  blue  collar  construction  labor  force 
needs  in  the  early  years  of  the  project.  However,  to  fully  meet  project 
requirements,  the  remaining  40  percent  of  the  blue  collar  construction  workers 
are  projected  to  be  non-local.  In  peak  years,  during  Phase  II,  it  is 
projected  that  50  percent  of  the  blue  collar  work  force  would  be  non-local. 

The  greatest  impacts  would  be  in  the  area  of  skilled,  electrical,  mechanical 
and  general  construction  workers.  As  indicated  earlier,  local  labor  would  be 
projected  to  satisfy  only  an  estimated  20  percent  of  the  demand  for 
scientific/technical/supervisory  construction  and  operation  personnel. 

b.  Stallion  Site 

Table  IV-12  provides  a  yearly  estimate  range  of  in-migration  by  construction, 
secondary  and  operation  workers  and  attendant  dependents  for  each  site.  As 
can  be  seen  from  Table  IV-12,  the  expectation,  based  on  the  assumptions  of  the 
model,  is  that  incoming  workers  would  settle  in  six  of  the  nine  study  area 
counties  if  the  Stallion  site  is  chosen.  The  construction  would  draw 
approximately  3,300  to  4,100  new  persons  into  the  area  at  its  peak.  The  bulk 
of  these,  about  2,000,  are  predicted  to  settle  around  Albuquerque, 
approximately  100  miles  from  the  site.  Over  25  percent  (900  to  1,100)  are 
predicted  to  settle  in  the  Socorro  area.  About  300  to  400  would  be  predicted 


IV-27 


Table  IV-12 


Estimated  Distribution  of  GBFEL-TIE 
Related  In-migrating  Population 

Year 


County 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

OROGRANOE 

Oona  Ana 

Lincoln 

Otero 

El  Paso 

40  -  61 

0-  1 
25-  39 

131  -  194 

296  -  355 
9-  11 

174-  212 
1027  -  1210 

295-  396 
8-  10 
184  -  250 
962  -  1269 

235  -  313 
5-  6 

156-  209 
711-  935 

554  -  705 
16-  20 
337  -  431 
1850  -  2345 

666-  832 
19-  23 

410-  512 
2201  -  2751 

568  -  709 
15-  19 

355  -  444 
1839  -  2299 

Total* 

200  -  300 

1510-1790 

1450  -  1920 

1110-1460 

2760  -  3500 

3300  -  4120 

2780  -  3470 

NORTH 

OF  NASA 

Oona  Ana 

Otero 

Sierra 

El  Paso 

108-  174 
6-  8 

1  -  1 
82-  113 

'743  -  910 
49  -  57 

8-  9 

706  -  811 

809  -  1106 

41  -  52 

6-  8 
592  -  758 

706  -  950 
25-  32 

4-  5 

372  -  476 

1467  -  1880 
83-  104 
13-  16 

1194  -  1501 

1790  -  2237 
96-  121 
15-  19 

1393  -  1741 

1566  -  1957 
77  -  97 

12  -  15 

1122  -  1402 

Total* 

200  -  300 

1510  -  1790 

1450  -  1920 

1110  -  1460 

2760  -  3500 

3300  -  4120 

2780  -  3470 

STALLION 


Bernal i  llo 

109  - 

154 

907  - 

1050 

790  -  1022 

528  - 

682 

1566  -  1975 

1840  -  2299 

1501  - 

1876 

Lincoln 

9- 

13 

68  - 

80 

65  -  87 

50  - 

66 

124-  158 

148-  185 

125  - 

156 

Sierra 

4  - 

5 

29  - 

33 

26  -  34 

18  - 

24 

50  -  64 

60  -  74 

49  - 

61 

Socorro 

54  - 

91 

334  - 

423 

409  -  572 

393  - 

536 

710-  918 

883  -  1104 

797  - 

997 

Torrance 

2  - 

3 

20  - 

23 

18  -  23 

12  - 

16 

35  -  44 

41  -  51 

33  - 

42 

Valencia 

19  - 

29 

150  - 

177 

142-  188 

106- 

140 

272  -  345 

324  -  405 

271  - 

339 

Total* 

200- 

300 

1510- 

1790 

1450  -  1920 

1110- 

1460 

2760  -  3500 

3300  -  4120 

2780  - 

3470 

♦Rounded  to  nearest  ten 


IV-28 


to  settle  in  the  Belen  area  in  Valencia  County,  while  Lincoln  County  might 
acquire  between  150  and  175  new  persons.  Smaller  numbers  of  persons  could  be 
expected  to  settle  in  Sierra  and  Torrance  counties  as  indicated.  Alamogordo, 
Las  Cruces  and  El  Paso  would  not  be  likely  to  have  workers  and  their  families 
settle  there  if  the  Stallion  site  is  chosen. 

Of  the  above  numbers,  incoming  operations  workers  are  predicted  to  desire  to 
live  closer  to  the  site,  with  approximately  30  percent  predicted  to  live  in 
Albuquerque,  almost  50  percent  in  Socorro  and  10  percent  in  Valencia. 

c.  North  of  NASA  Site 

In  contrast  to  the  Stallion  site,  if  the  North  of  NASA  site  is  chosen,  most  of 
the  incoming  population  is  predicted  to  be  more  or  less  evenly  divided  between 
Las  Cruces  and  El  Paso.  Alamogordo  might  acquire  100  or  more  new  people 
during  construction,  with  perhaps  10  during  operations. 

d.  Orogrande  Site 

If  the  Orogrande  site  is  chosen,  about  66  percent  of  the  population  is 
predicted  to  gravitate  toward  El  Paso.  Las  Cruces  would  also  receive  a 
•substantial  percentage  (20  percent),  while  the  Alamogordo  area  would  receive 
about  12  percent  of  the  expected  incoming  workers.  Lincoln  County  might 
receive  a  few  incoming  workers. 

2.  Housing 

For  purposes  of  assessing  the  need  for  housing,  it  was  assumed  that  each 
incoming  worker  accompanied  by  his  dependents  would  require  a  single  dwelling 
unit.  Single  workers  were  assumed  to  require  one  dwelling  unit  for  each  two 
workers.  As  can  be  seen  from  Table  I.V-13,  available  housing  stocks  are 
adequate  to  meet  the  projected  demand  at  both  the  Orogrande  and  North  of  NASA 
sites.  If  the  North  of  NASA  site  is  chosen,  the  impact  on  the  Las  Cruces  area 
housing  market  would  be  severe  but  within  the  bounds  of  available  stocks.  For 
the  Stallion  site  scenario,  there  could  be  a  projected  major  housing  deficit 
in  the  Socorro  area  of  about  270  units  during  the  peak  year.  This  prediction 
assumes  no  additional  housing  becomes  available  by  that  time;  it  is  possible 
that  additional  housing  would  in  fact  be  available  by  1992.  Deficits  would 
also  be  expected  in  the  Valencia  area,  although  the  projected  deficits  would 
not  be  large.  Table  IV-14  shows  the  range  of  housing  unit  demand  allocated  by 
county  for  each  project  year. 

3.  Transportation  Systems  and  Services 

The  location  of  the  proposed  action  in  the  study  area  would  not  produce 
significant  or  lasting  impacts  on  available  transportation  facilities  and 
services.  Existing  facilities  are  flexible  and  could  expand  to  meet 
short-term  demands. 

If  the  proposed  action  is  placed  at  the  Stallion  site,  the  highway  system 
would  see  the  greatest  impacts,  due  to  daily  worker  travel  to  the  site  during 
work  hours.  Additional  truck  and  service  vehicle  traffic  would  be  noticeably 
increased.  Rail,  bus,  and  freight  services  could  be  readily  expanded  to 
accommodate  demands  of  the  project.  Air  passenger  and  freight  services  could 
be  provided  from  the  Albuquerque  Airport.  No  additional  significant 
transportation  impacts  would  be  expected. 
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Table  IV-13 


Estimated  Maximum  Dwelling  Units  Required 
in  FY1992  (Peak  Year) 


Approximate 

Units 

Units  Required 

County 

Available 

Oroqrande 

North  of  NASA 

Stal lion 

Bernalillo 

3,150 

• 

- 

580 

Dona  Ana 

1,300 

330 

1100 

- 

Lincoln 

unknown 

5 

- 

70 

Otero 

900 

240 

20 

- 

Sierra 

700 

- 

3 

20 

Socorro 

400  (appr.) 

- 

- 

670 

Torrance 

unknown 

- 

- 

10 

Valencia 

unknown 

- 

- 

140 

El  Paso 

6,500 

920 

370 

- 

1,500 

1,500 

1,500 

Source:  U.S. 

Census  of  Population  and 

Housing,  1980;  Reevaluation  of 

Socorro's  Socioeconomic  Resources,  the  Socorro  Economic 
Commission,  Socorro,  New  Mexico,  October  1986 


Development 


If  the  proposed  action  is  placed  at  the  North  of  NASA  site,  the  greatest 
impact  would  be  due  to  access  roads  and  highways.  Because  of  its  remote 
location,  improved  facilities  would  have  to  be  constructed  to  the  site  to 
accommodate  construction  and  worker  access  and  travel. 

If  the  Orogrande  site  is  selected,  available  transportation  facilities  and 
services  would  be  adequate  to  accommodate  project  demands.  Required  services 
would  be  readily  available  from  the  Alamogordo,  Las  Cruces  and  El  Paso  urban 
areas.  Access  facilities  exist  to  accommodate  increased  demand  resulting  from 
the  proposed  action. 


4o  Labor  Force  and  Employment 

The  proposed  action  would  provide  sustained,  long-term  construction  employment 
(i.e.,  2+  years)  compared  to  other  types  of  construction  work  that  generally 
last  less  than  two  years.  The  project  would  produce  an  economic  ripple  based 
upon  salaries  paid  and  the  total  dollar  amount  of  the  local  expenditures  for 
construction  materials. 

Employment  levels  in  the  construction  industry  would  see  definite  increases. 
The  proposed  action  is  considered  a  fairly  long-term  construction  project  and 
for  skilled  workers,  sustained  employment  could  be  expected  during 
construction  phases. 

Labor  force  and  employment  increases  would  be  positive  during  construction. 
However,  increased  unemployment  would  occur  when  the  project  is  fully 
completed.  This  withdrawal  could  create  site-related  negative  impacts  on  some 
of  the  communities,  due  to  a  loss  of  income  and  perhaps  a  loss  of  population. 
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Table  IV-14 


Estimated  Distribution  of  GBFEL-TIE 
Related  Housing  Needs  by  Year  and  County 

Year 

County  1987  1988  1989  1990  1991  1992  1993 

OROGRANDE 


Dona  Ana 

14 

-  21 

106  • 

■  126 

107  ■ 

-  143 

78  • 

•  104 

196 

-  248 

240 

-  334 

197 

-  268 

Lincoln 

0 

-  0 

3  ■ 

■  4 

3  • 

4 

2  • 

•  2 

6 

*  7 

7 

-  5 

5 

-  4 

Otero 

8 

-  13 

62  • 

-  75 

66  • 

■  89 

52  • 

■  69 

118 

-  150 

146 

-  237 

122 

-  187 

El  Paso 

46 

-  67 

370  • 

-  434 

355  ■ 

-  465 

239  ■ 

-  314 

660 

-  835 

805 

-  920 

646 

-  753 

Total* 

70 

-  100 

540  ■ 

•  640 

530  • 

■  700 

370  • 

•  490 

980 

-1240 

1200 

-1500 

970 

-1210 

NORTH  OF  NASA 


Dona  Ana 

37 

-  58 

263  • 

■  319 

288  • 

•  390 

233  ■ 

-  313 

511 

-  653 

634 

-1102 

535 

-  866 

Otero 

2 

-  3 

18  • 

■  21 

16  ■ 

■  20 

9  • 

•  11 

30 

-  38 

36 

-  24 

28 

-  21 

Sierra 

0 

-  0 

3  • 

•  3 

2  • 

■  3 

1  • 

■  2 

5 

-  6 

6 

-  3 

4 

-  3 

El  Paso 

29 

-  40 

257  • 

■  295 

225  • 

•  288 

128  ■ 

•  164 

433 

-  545 

522 

-  367 

403 

-322 

Total* 

70 

-  100 

540  ■ 

■  640 

530  ■ 

■  700 

370  - 

•  490 

980 

-1240 

1200 

-1500 

970 

-1210 

STALLION 


Bernal i 1 lo 

38  - 

54 

329 

380 

297  ■ 

383 

180  • 

232 

565 

-  712 

684 

-  584 

534 

-  497 

Lincoln 

3  - 

5 

24 

29 

24  • 

32 

17  ■ 

22 

44 

-  56 

54 

-  67 

44 

-  55 

Sierra 

1  - 

2 

10 

12 

10  ■ 

12 

6  - 

8 

18 

-  23 

22 

-  22 

17 

-  18 

Socorro 

18  - 

30 

116 

146 

141  ■ 

196 

128  ■ 

174 

243 

-  313 

305 

-  669 

268 

-  516 

Torrance 

1  - 

1 

7 

8 

7  ■ 

9 

4  - 

5 

12 

-  16 

15 

-  14 

12 

-  12 

Valencia 

7  - 

10 

54 

63 

52  ■ 

69 

36  - 

47 

97 

-  122 

118 

-  140 

95‘ 

-  114 

Total* 

70  - 

100 

540  - 

■  640 

530  - 

■  700 

370  - 

•  490 

980 

-1240 

1200 

-1500 

970 

-1210 

♦Rounded  to  nearest  ten 
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If  all  the  construction  personnel  were  let  go  at  the  same  time  at  Orogrande  or 
North  of  NASA,  the  effects  might  not  be  too  noticeable  overall,  given  the  size 
of  the  southern  New  Mexico  -  El  Paso  economy.  Unemployment  will  increase 
fractionally,  housing  occupancy  rates  may  decline  slightly,  business  resulting 
from  the  project-generated  payroll  will  decline.  Some  construction  people 
will  move  on  to  the  next  job  in  another  area.  Some  who  were  in-migrants  will 
like  the  area  and  stay  on.  Much  depends  on  the  level  of  construction  activity 
at  that  time. 

A  more  serious  impact  would  occur  in  the  smaller  towns  of  Socorro  and  Valencia 
counties  if  the  Stallion  site  is  chosen.  At  the  close  of  construction,  a 
substantial  number  of  persons  would  probably  move  on  as  the  local  labor  market 
would  be  unable  to  absorb  them.  Facilities  built  to  accommodate  new  business 
would  become  redundant.  However,  the  operations  personnel  and  spinoff  jobs 
generated  would  still  be  in  the  area  providing  continuing  support  to  the  local 
economy. 


5.  Income  Levels 

It  is  estimated  that  the  proposed  action  would  produce  about  $50  million  per 
year  (for  the  peak  year)  in  wages  for  construction  labor.  Disposable  personal 
income  would  be  distributed  throughout  the  study  area  in  proportion  to  the 
settlement  pattern  of  the  worker  populations.  Annual  payroll  estimates  for  the 
operations  phase  approach  $20  million. 

It  is  expected  that,  where  possible,  wages  and  benefits  would  parallel  local 
levels  and  that  no  great  differentials  in  wages  and  incomes  would  be  observed. 
However,  a  tight  labor  market  may  result  in  an  upward  pressure  on  wage  rates 
during  the  early  phases  of  the  project.  Total  income  produced  as  a  result  of 
operation  and  maintenance  would  be  less  than  that  from  construction  activities 
and  would  therefore  have  less  effect  on  the  local  economy. 

Incomes  to  support  and  service  business  would  be  increased  through 
construction  phases.  Personal  and  business  income  in  the  area  would  produce  a 
ripple  through  the  local  economy,  due  to  secondary  employment  and  spending 
resulting  from  the  project. 

Generally  positive  impacts  would  be  expected  for  income  levels  that  would 
result  from  the  proposed  project.  General  upward  pressures  on  wage  rates  may 
result  in  slightly  increased  costs  for  goods  and  services.  This  would 
principally  affect  those  persons  on  fixed  incomes. 

6.  Public  Services  and  Institutions 
a.  Religion 

Area  churches  should  have  little  difficulty  meeting  the  spiritual  needs  of  the 
incoming  workers  and  their  families.  Association  with  a  particular 
congregation  is  largely  a  matter  of  personal  choice  and  of  "feeling  at  home". 
For  this  reason,  and  because  of  the  likelihood  that  newcomer  churchgoers  would 
be  well  distributed  among  existing  churches,  the  probability  of  a  disruptive 
impact  is  quite  low. 
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b.  Education 

Based  on  the  In-migrating  population  estimated  previously,  impacts  on  local 
public  educational  systems  are  estimated  at  1,500  new  students  in  the  peak 
year  FY92.  Using  a  generally  accepted  pupil -teacher  ratio  of  22:1  and  30 
students  per  classroom,  this  would  translate  into  a  projected  demand  for  an 
additional  68  teachers  and  50  new  classrooms  throughout  the  study  area  if  all 
existing  schools  in  the  area  were  operating  at  capacity.  The  projected  peak 
year  allocation  of  incoming  students  is  shown  in  Table  IV-15.  This  table  also 
shows  the  relative  impact  to  the  local  school  system  expressed  as  a  percentage 
increase  in  annual  enrollment  resulting  from  the  proposed  GBFEL-TIE.  Table 
IV-16  shows  the  anticipated  range  of  distribution  of  incoming  school  children 
by  project  year. 


Table  IV-15 


Estimated  Numbers  of  GBFEL-TIE  Related 
Incoming  School  Children  Allocated  by  County 


Stal lion 

North 

of  NASA 

Orogrande 

County 

1992 

1992 

1992 

(a)**  (b) 

(a)**  (b) 

(a)**  (b) 

Bernalillo 

825 

0.8 

a. 

Dona  Ana 

- 

- 

850 

3.2 

310 

1.2 

Lincoln 

70 

2.3 

10 

★ 

Otero 

- 

- 

45 

0.4 

195 

1.6 

Sierra 

25 

1.9 

5 

* 

- 

• 

Socorro 

430 

12.9 

• 

Torrance 

20 

1.1 

- 

• 

- 

Valencia 

150 

1.8 

* 

- 

• 

• 

El  Paso 

- 

- 

620 

0.4 

1005 

0.8 

Total 

1515 

1515 

1515 

a.  Estimated  number  of  incoming  school  children 

b.  Estimated  percent  increase  in  enrollment  due  to  influx  of  (a) 
*  Less  than  0.1% 

Not  applicable 
**Rounded  to  nearest  5 
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Table  IV-16 


Estimated  Distribution  of  GBFEL-TIE 
Related  School  Children  by  Year  and  County 


Year 

County  1987  1988  1989  1990  1991  1992  1993 

OROGRANDE 


Dona  Ana 

15- 

24 

107- 

129 

107- 

146 

93- 

125 

204- 

260 

247  - 

■  309 

214- 

267 

Lincoln 

0- 

0 

3- 

4 

3- 

3 

2- 

2 

6- 

7 

7- 

8 

5- 

7 

Otero 

9- 

15 

64  - 

78 

68- 

94 

62- 

84 

126- 

161 

154- 

193 

131  - 

170 

El  Paso 

49- 

74 

368  - 

437 

343  - 

457 

278- 

368 

671- 

853 

304- 

1005 

682  - 

853 

Total* 

70- 

110 

540- 

650 

520- 

700 

440- 

580 

1010- 

1280 

1210- 

1520 

1040- 

1300 

NORTH  OF  NASA 


Dona  Ana 

42- 

68 

273- 

338 

302- 

418 

284- 

384 

551- 

708 

678- 

847 

602  - 

753 

Otero 

2- 

3 

17- 

20 

14- 

18 

91- 

12 

29- 

37 

34- 

43 

28- 

35 

Sierra 

0- 

0 

3- 

3 

2- 

3 

1- 

2 

5- 

6 

5- 

7 

4- 

5 

El  Paso 

30- 

42 

249- 

287 

203- 

261 

141- 

181 

422- 

531 

495- 

618 

403- 

504 

Total* 

70- 

no 

540- 

650 

520- 

700 

440- 

580 

1010- 

1280 

1210- 

1520 

1040- 

1300 

STALLION 


Bernal i 1 lo 

40- 

57 

321- 

374 

274- 

358 

203- 

263 

559- 

706 

660- 

825 

546- 

682 

Lincoln 

3- 

5 

24- 

29 

23- 

32 

20- 

26 

45- 

58 

55- 

68 

47- 

58 

Sierra 

1- 

2 

10- 

12 

9- 

12 

7- 

9 

18- 

23 

22- 

27 

18- 

23 

Socorro 

21- 

37 

125- 

161 

157- 

222 

160- 

219 

274- 

355 

343- 

428 

313- 

392 

Torrance 

1- 

1 

7- 

8 

6- 

8 

5- 

6 

12- 

16 

15- 

18 

12- 

15 

Valencia 

7- 

11 

54- 

64 

51- 

68 

42- 

55 

99- 

126 

119- 

148 

101- 

126 

Total* 

70- 

no 

540- 

650 

520- 

700 

440- 

580 

1010- 

1280 

1210- 

1520 

1040- 

1300 

♦Rounded  to  nearest  ten 
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(1)  stallion  Site 


Substantial  actual  increases  would  accrue  principally  to  the  Albuquerque  area 
school  districts.  Relative  impacts  would  not  be  beyond  the  system's  capacity 
to  tolerate.  Socorro  area  schools  would  be  faced  with  a  considerable  actual 
impact  from  300  to  400  students  (and  relative  impact  of  9  to  12  percent 
increase  in  maximum  enrollment)  during  the  peak  years.  According  to  the 
Superintendent  of  Socorro  Public  Schools,  500-600  students  could  be  absorbed 
with  no  problem.  Also,  Socorro  is  in  the  process  of  building  another  Junior 
High  School  which  will  be  in  use  in  1987. 

(2)  North  of  NASA  Site 

Substantial  actual  increases  would  be  shared  by  Las  Cruces  and  El  Paso  public 
school  districts.  Relative  impacts  would  constitute  a  three  percent  annual 
increase  in  enrollment  for  the  Las  Cruces  area  school  districts. 

(3)  Orogrande  Site 

Substantial  actual  increases  would  be  shared  by  Las  Cruces,  Alamogordo  and  El 
Paso  districts.  Expected  relative  impacts  do  not  exceed  1.6  percent  annual 
increase  for  any  school  district. 

c.  Health  Facilities 

The  incoming  construction  personnel  would  have  a  similar  impact  on  area  health 
facilities.  During  peak  construction  phases,  the  estimated  incoming 
population  would  generate  a  demand  for  an  additional  six  physicians  and  16 
hospital  beds,  if  all  existing  health  care  facilities  were  at  capacity. 

Should  the  Stallion  site  be  selected,  the  and  Albuquerque  area  could  supply 
most  major  medical  facilities  and  services  required  by  the  additional  workers. 
However,  incoming  personnel  to  the  Socorro  area  may  place  additional  demands 
on  the  currently  inadequate  number  of  physicians. 

If  the  North  of  NASA  site  is  chosen,  the  resulting  demand  for  health 
facilities  and  services  would  be  met  principally  by  the  Las  Cruces  and  El  Paso 
urban  areas.  Existing  facilities  and  services  should  absorb  the  additional 
demand  created  by  the  incoming  workers  living  in  those  areas.  Incoming 
personnel  may  place  additional  demands  on  the  currently  inadequate  number  of 
physicians. 

If  the  Orogrande  site  is  selected,  health  and  medical  facilities  and  services 
available  in  the  Alamogordo,  Las  Cruces  and  El  Paso  urban  areas  should  absorb 
the  additional  demand  created  by  the  proposed  project.  Incoming  personnel  may 
place  additional  demands  on  the  currently  inadequate  number  of  physicians. 

d.  Fire  and  Police  Protection 

There  would  be  general  increases  in  law  enforcement  requirements  due  to  the 
increase  in  local  trips  plus  home-based  work  trips,  regardless  of  the  site 
chosen.  Additional  total  traffic  to  and  from  the  site,  increased  truck 
traffic  and  possible  additional  accidents  would  result  in  an  increased  need 
for  traffic  control.  Increased  fire  protection  requirements  and  other  law 
enforcement  requirements  would  result  from  increased  population.  Based  on 
national  standards  for  community  services,  it  is  estimated  that  a  demand  for 
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an  additional  five  police  officers  and  four  firemen  would  be  generated  by  the 
proposed  project  during  the  peak  construction  phase. 

Selection  of  the  Stallion  site  would  place  the  greatest  impacts  upon  Socorro 
and  Albuquerque.  Although  the  greatest  effects,  in  terms  of  numbers  of 
workers,  are  predicted  to  occur  in  Albuquerque,  Socorro  is  predicted  to 
experience  the  greatest  relative  impacts  and  might  require  the  addition  of  one 
to  two  police  officers. 

If  the  North  of  NASA  site  was  selected,  the  urban  areas  of  '.as  Cruces  and  El 
Paso  would  feel  the  demand  for  fire  and  police  protection  increases  expected 
to  be  associated  with  the  additional  worker  population.  The  systems  in  each 
community  could  collectively  serve  the  additional  population. 

If  the  Orogrande  site  is  selected,  impacts  upon  fire  and  police  protection 
would  be  absorbed  in  the  Alamogordo,  '.as  Cruces  and  El  Paso  urban  centers. 

I.  Water  Supply 
1.  General 

Due  to  climate  and  a  complex  structural  geology,  water,  particularly  potable 
water,  is  a  highly  prized  commodity.  All  existing  surface  water  and  much  of 
the  ground  water  rights  have  been  appropriated.  Water  from  the  Colorado  River 
basin  is  presently  being  diverted  into  the  Rio  Grande  basin  by  the  U.S.  Bureau 
of  Reclamation's  San  Juan-Chama  project(6).  Although  all  of  this  diverted 
water  is  currently  contracted  or  committed  to  potential  contractors  within  the 
state,  sufficient  water  for  GBFE'.-TIE  is  expected  to  be  available  for  sale, 
over  the  short  term,-  since  the  present  needs  of  many  contractors  are  less  than 
the  contract  amounts.  Any  significant  long  term  water  use  must  consider  these 
facts  and  the  structure  of  the  water  supply  available. 

Potential  consequences  resulting  from  each  source  of  water  supply  for  the 
proposed  GBFE'.-TIE  project  are  evaluated  below  for  the  three  alternative  site 
locations.  Treatment  for  excessive  tds  levels  may  be  required  at  all  sites  to 
provide  drinking  water,  particularly  if  local  aquifers  are  utilized.  However, 
treatment  requirements  would  be  minimal  and  would  probably  be  accomplished  by 
commercially  available  activated  charcoal  filter  units. 

In  a  declared  boundary  underground  reservoir,  the  New  Mexico  State  Engineer 
has  the  responsibility  to  oversee  all  water  use  permit  applications.  Before 
granting  a  permit,  he  must  establish  that  the  proposed  appropriation  is  not 
contrary  to  conservation  of  water  within  the  state  and  is  not  detrimental  to 
the  public  welfare.  He  must  also  insure  that  the  rights  of  other 
appropriations  from  the  same  basin  are  not  impaired.  By  definition,  he  cannot 
knowingly  issue  a  water  use  permit  that  would  violate  this  mandate.  Since  the 
proposed  GBFE'.-TIE  is  a  temporary  experiment  (through  the  1990' s),  any 
potential  adverse  effect  on  water  supply  may  be  construed  as  a  short-term 
consequence  that  would  ultimately  return  to  or  near  pre-project  conditions,  if 
the  State  Engineer  grants  a  ground  water  appropriation  permit. 

The  GBFEI.-TIE  water  requirement  of  1,400  acre  ft  per  year  would  impact  the 
reserves  of  any  ground  water  reservoir,  the  depletion  of  which  is  a  function 
of  the  recharge  rate  and  other  user  rates.  It  could  impact  other  users  and 
other  projects  ranging  from  agricultural  to  scientific.  Project  water  use 
might  impact  local  seeps  and  springs  (e.g..  North  of  NASA)  by  lowering  the 
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water  table  levels,  however,  development  of  well  fields  within  the  Jornada  del 
Muerto  Basin  would  not  be  expected  to  affect  seeps  and  springs  in  the  San 
Andres  Mountains. 


2.  Stallion  Site 

a.  Surface  Water 

San  Juan-Chama  water  from  Elephant  Butte  Reservoir  could  be  piped  about  80  km 
northeast  to  the  Stallion  site.  Approximately  two-thirds  of  that  distance, 
however,  would  be  outside  WSMR  proper,  and  thus  would  involve  external 
cooperation.  For  this  option,  an  intake  structure  at  Elephant  Butte  would 
also  be  required.  Elephant  Butte  water  is  potentially  renewable  from  the 
upper  Rio  Grande  River  system,  and  if  all  other  contracted  demands  were  met, 
the  consequence  of  water  consumption  with  regard  to  other  users  for  the 
GBFEL-TIE  project  would  be  minimal.  The  1,400  acre  feet  per  year  demand  by 
the  GBFEL-TIE  project  to  be  pumped  from  Elephant  Butte  would  be  replaced  (in 
the  Elephant  Butte  Reservoir)  by  diversion  of  an  equal  amount  of  water  from 
the  Colorado  River  Basin,  under  authority  of  the  San  Juan-Chama  project. 

b.  Ground  Water 

Two  potential  water  sources  under  consideration  at  the  Stallion  site  are 
ground  water  from  wells  in  the  Rio  Grande  Valley  and  from  the  local  Stallion 
site.  The  former  would  require  pipelines  and  pump  stations.  Treatment  may  be 
required  for  either  source  to  reduce  the  tds  to  within  acceptable  levels  for 
the  GBFEL-TIE.  Depletion  of  ground  water  near  the  Stallion  site  is  occurring 
gradually  as  a  result  of  an  annual  usage  rate  of  25-30  acre  feet  per  year  by 
the  Stallion  Range  Camp.  However,  because  of  high  salinity  (about  3,000  ppm) 
this  water  is  not  of  sufficient  quality  without  desalinization  for  human, 
livestock  or  extensive  agricultural  use.  Thus,  the  withdrawal  of  1,400  acre 
feet  per  year  could  adversely  affect  this  aquifer  and  its  users,  although  the 
magnitude  of  the  effects  cannot  be  quantified  at  the  present.  As  per  New 
Mexico  law,  the  State  Engineer  would  be  petitioned  to  issue  a  permit  after 
determining  the  availability  of  unappropriated  water. 

3.  North  of  NASA  Site 

a.  Surface  Water 

Surface  water  from  the  Rio  Grande  valley  could  be  piped  northeastward  to  the 
North  of  NASA  site  in  a  unique  situation,  as  defined  by  the  State  Engineer.  A 
well  would  be  sunk  in  the  valley  nearest  the  proposed  project  site,  and  this 
water  would  be  pumped  the  remaining  40-45  km  to  the  site.  Although 
technically  this  water  is  ground  water,  it  is  replaced  by  water  released  into 
the  Rio  Grande  (surface  water)  and  defined  to  be  the  same  in  terms  of  water 
rights(6).  There  is  a  hydraulic  connection  between  the  Rio  Grande  and  the 
aquifer.  When  flowing,  Rio  Grande  water  permeates  down  to  the  aquifer  where 
it  remains  available  even  when  the  river  flow  is  minimal.  The  well  would  be 
required  since  the  Rio  Grande  flow  is  undependable,  and  year-round 
availability  would  be  necessary  for  the  proposed  GBFEL-TIE.  Under  San 
Juan-Chama  authority  (as  in  the  Elephant  Butte  alternative  for  the  Stallion 
site),  the  project  water  requirements  (1,400  acre  ft/year)  would  be  replaced 
in  the  Rio  Grande  River  by  diversion  from  the  Colorado  River  basin.  Thus,  the 
impact  of  this  water  source  on  the  local  permanent  water  supply  would  be 
negligible. 
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b.  Ground  Water 


Construction  of  two  to  six  supply  wells  were  proposed  south  of  the  Jornada 
Reserve  Headquarters  area  for  the  North  of  NASA  site.  Test  wells  would  be 
drilled  to  establish  aquifer  thicknesses,  pump  rates  and  water  quality.  At 
the  North  of  NASA  site,  little  information  is  available  on  ground  water 
reserves.  However,  from  NASA  well  production,  there  is  reason  to  believe 
sufficient  reserves  are  available.  The  project  demand  would  probably  affect 
at  least  a  local  lowering  of  the  water  table.  As  in  all  cases  of  ground  water 
usage,  if  the  State  Engineer  considers  that  an  applicant  would  permanently 
impact  the  water  supply,  the  other  appropriators  or  the  public  welfare  of  the 
State,  the  application  would  be  denied. 

4.  Orogrande  Site 


a.  Surface  Water 

No  surface  water  is  available  that  is  considered  practical  for  the  Orogrande 
site. 


b.  Ground  Water 

Two  potential  ground  water  sites  and  plans  are  considered  for  the  Orogrande 
site.  A  well  field  in  Soledad  watershed  could  be  used  to  directly  supply  the 
Orogrande  site.  This  alternative  would  require  State  Engineer  approval  and 
thus,  if  allowed,  would  be  implied  to  have  negligible  impact  on  state  water 
supply.  This  is  the  most  cost  effective  alternative  water  supply  for  the 
Orogrande  site. 

Using  the  same  well  field  but  connecting  with  the  existing  water  main  from  the 
WSMR  post  headquarters  is  a  second  alternative  at  the  Orogrande  site,  also 
requiring  the  approval  of  the  State  Engineer.  Approximately  8.7  million  acre 
feet  are  in  storage  in  the  Soledad  Canyon  watershed.  About  2.3  million  acre 
feet  are  recoverable  for  use.  The  estimated  annual  recharge  is  about  750  acre 
feet.  The  GBFEL-TIE  project  demands  alone  (1,400  acre  feet  annually)  would 
have  a  depletion  impact.  However,  the  2.3  million  acre  feet  under 
present/predicted  consumption  rates  would  have  a  life  expectancy  of  almost  900 
years,  and  the  aquifer  would  be  expected  to  return  to  or  near  pre-project 
conditions  within  10  years  after  cessation  of  the  GBFEL-TIE  project.  Local 
ground  water  at  the  Orogrande  site  is  another  consideration.  However, 
available  recent  data  is  limited  but  it  is  estimated  by  the  Corps  of  Engineers 
that  as  many  as  20  wells  may  be  needed  to  provide  the  necessary  project  water 
supply  requirements. 

J.  Solid  Waste 

Construction  wastes  such  as  scrap  lumber  and  concrete  would  be  buried  within  a 
landfill  constructed  on-site.  The  landfill  would  be  situated  within  soil 
associations  that  are  suitable  for  such  purposes.  Location  of  the  landfill 
would  require  coordination  with  the  WSMR  ENRO  and  New  Mexico  Health  and 
Environment  Department,  Environmental  Improvement  Division.  Use  of  this 
landfill  would  be  required  to  avoid  significantly  reducing  the  capacity  of 
WSMR's  main  landfill,  which  is  presently  expected  to  reach  its  capacity  within 
the  next  50  years (65).  No  hazardous  or  toxic  wastes  (e.g.,  used  oil  filters) 
would  be  placed  in  the  landfill.  The  landfill  would  be  closed  out,  covered 
and  reseeded  upon  completion  of  construction  activities. 
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Solid  wastes  generated  during  the  operation  and  maintenance  of  the  proposed 
program  would  be  collected,  transported  and  disposed  of  by  local,  approved  and 
licensed  contractor(s)  in  accordance  with  State  of  New  Mexico  regulations. 

Burning  of  refuse  would  not  be  conducted  during  either  the  construction  or 
operational  phases. 

K.  Other  Wastes  and  Hazardous  Materials 

Table  IV-18  presents  a  list  of  the  wastes,  and  estimated  quantities  of  each, 
which  would  be  produced  by  various  components  and  subsystems  of  the  proposed 
GBFEL-TIE.  As  can  be  seen  from  this  table,  several  of  these  compounds  are 
considered  hazardous  or  toxic.  These  wastes  would  be  collected  and  disposed 
of  by  approved  and  licensed  contractor(s)  in  accordance  with  State  of  New 
Mexico  and  USEPA  regulations.  No  hazardous  wastes  would  be  stored  on-site  for 
longer  than  90  days. 

Argon  is  a  normal  component  of  atmospheric  air.  Running  the  accelerator  will 
activate  some  of  the  argon  in  the  air  around  the  accelerator  and  produce  Argon 
41.  Since  Argon  41  has  a  half  life  of  over  an  hour,  no  one  can  enter  the 
accelerator  room  until  the  level  of  radioactive  Argon  41  is  decreased.  To 
allow  personnel  to  reenter  the  accelerator  facility  shortly  after  a  test 
(approximately  45  minutes),  the  room  air  with  the  Argon  41  will  be  exhausted 
to  the  atmosphere.  To  do  this  safely  the  Argon  41  must  be  diluted  with  other 
air  to  keep  the  ex'posure  level  below  the  20  millirem/hr  or  200  millirem  in  any 
one  week  maximum  exposure  as  required  by  Federal  regulations.  This  will  be 
accomplished  by  exhausting  the  Argon  41  from  a  stack  high  enough  to  allow 
natural  mixing  to  dilute  the  Argon  41  to  the  safe  level  mentioned  above.  A 
fence  would  be  placed  around  the  stack  to  assure  that  personnel  would  be  kept 
at  a  safe  distance  from  any  potentially  hazardous  emissions. 

The  use  of  benzene  as  an  electron  beam  focuser  in  the  accelerator  may  be 
required  instead  of  the  helium/argon  mixture.  However,  only  two  pounds  of 
benzene  would  be  required  for  every  1,000  beam  activations.  Disposal  of 
benzene,  if  its  use  becomes  necessary,  would  be  according  to  applicable  EPA 
disposal  requirements  and  practices(68) . 

Although  significant  energy  is  transferred  to  the  photon  beam,  as  much  as  95 
percent  of  the  original  energy  would  remain  with  the  electron  beam  as  it 
enters  the  electron  beam  dump.  Radioisotopes  could  be  produced  in  the  water 
used  for  cooling  the  graphite  and  aluminum  plates  that  absorb  the  electron 
beam.  This  water  would  be  filtered  through  an  ion  exchange  system  to  remove 
the  radioisotopes.  During  periodic  maintenance,  the  filters  would  be  replaced 
and  stored  in  the  beam  dump  vault,  described  below. 

The  beam  dump  would  include  a  storage  facility  or  vault  to  store  hardware  or 
parts  of  the  laser  components  (i.e.,  accelerator,  wiggler)  which  have  become 
radioactive  (at  low  levels)  during  the  lasing  experiments.  The  beam  dump  and 
vault  would  be  shielded  from  the  other  laser  components  by  concrete  and  lead 
walls.  The  beam  dump  and  vault  would  also  have  limited  access  and  a  radiation 
monitoring  and  protection  system  to  obviate  potential  radiation  hazards  to 
program  personnel . 

This  area  would  remain  as  a  long-term  storage  facility  after  completion  of  the 
proposed  experiments.  All  activated  components  would  have  only  a  small 
portion  of  their  mass  radioactive  and  thus,  the  radioisotopes  would  be  sealed 
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Table  IV-17 

Types  and  Estimated  Quantities  of  Industrial  Wastes 
Expected  to  be  Produced  by  the  GBFEL-TIE 
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*Must  be  disposed  of  as  hazardous  waste  if  concentration  exceeds  5  milligrams  per  liter. 

**Can  be  treated  as  solid  waste  refuse  as  long  as  intact  (not  residual). 

rtead  in  waste  oil  can  be  as  high  as  100  mg/liter  before  hazardous  waste  requirements  may  be  required 
“These  compounds  are  considered  hazardous  via  their  toxic  nature. 

^These  compounds  are  hazardous  based  upon  their  susceptibility  to  ignition. 


within  the  materials'  matrix.  Consequently,  the  ion  level  of  radioactivity 
that  would  be  expected  to  be  produced  would  not  require  that  the  beam  dump  or 
vault  be  cooled  or  hermetically  sealed  after  cessation  of  the  project. 

1.  Safety  and  Radiation  Hazards 

1.  General 

Safety  procedures  would  be  considered  and  adhered  to  for  both  the  construction 
phase  and  the  operational  (testing)  phase  of  the  GBFEL-TIE  project.  Minimum 
standards  for  safety  procedures  would  be  regulated  by  Occupational  Safety  and 
Health  Administration  (OSHA)  Code  of  Federal  Regulations  (CFR),  Title  29, 
Chapter  XVII,  Parts  1910  and  1926.  The  GBFEL-TIE  project  safety  standards  in 
accordance  with  regulations  of  the  U.S.  Army  and  the  American  Conference  of 
Governmental  Industrial  Hygienists  (ACGIH). 

During  the  operational  phase  three  types  of  safety  procedures  would  be 
considered:  (1)  internal  safety  procedures,  i.e.,  within  the  laser 
installation;  (2)  automatic  laser  safety  procedures;  and  (3)  external  safety 
procedures,  i.e.,  outside  the  laser  containment  area  including  air  space. 

2.  Internal  Safety  Procedures 

Internal  safety  procedures  are  applicable  to  the  laser  containment 
installation,  i.e.,  linear  accelerator,  wiggler,  electron  beam  dump  and 
diffraction  tunnel. 

There  would  be  two  sources  of  radiation  produced.  When  the  accelerator  is 
running,  prompt  radiation  would  be  produced  by  the  electrons  which  collide 
with  an  object  and  are  slowed  down.  This  type  of  radiation  consists  of  the 
entire  electromagnetic  spectrum  up  to  the  wavelength  associated  with  the 
maximum  energy  of  the  accelerator,  which  for  this  case  would  be  in  the  short 
or  hard  gamma  ray  wavelength.  The  most  common  wavelength  generated  would  be 
in  the  gamma  ray  region.  Some  of  this  radiation  would  be  generated  in  the 
accelerator  central  beam  tube,  the  wiggler  central  beam  tube  and  the  transport 
tube  connecting  the  accelerator  components.  Most  of  the  radiation  would  be 
generated  in  the  beam  dump.  Those  components  that  could  produce  radioactivity 
or  which  could  become  radioactive  would  be  contained  in  shielded  (i.e.,  iron, 
concrete,  and/or  lead)  underground  vaults  to  prevent  emissions  of  ionizing 
radiation  to  the  outside  environment. 

The  prompt  radiation  could  also  induce  radioactivity  in  materials  close  to  the 
source  of  its  production.  Gamma  rays  produced  could  liberate  neutrons  from 
materials  and  produce  radioisotopes.  The  lifetime  of  these  isotopes  would 
vary  from  a  few  seconds  to  many  years,  depending  on  which  isotope  is  produced, 
but  all  would  be  at  low  levels  of  radioactivity.  The  materials  which  have  the 
greatest  chance  of  being  activated  are  carbon,  iron  and  aluminum.  As 
discussed  previously,  hardware  or  materials  that  become  radioactive  would  be 
stored  in  the  beam  dump  vault. 

3.  Automatic  Laser  Safety  Procedures 

Light  from  the  laser  could  be  reflected  or  scattered  in  two  ways;  (1)  diffuse 
scattering  from  small  particles  such  as  dust,  clouds  and  rain;  or  (2)  specular 
scattering  from  mirror-like  surfaces  such  as  a  piece  of  polished  metal  or  some 
insects.  An  object  detection  system  would  be  incorporated  to  identify 
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objects  or  particles  that  have  the  potential  to  cause  diffuse  or  specular 
reflection  before  they  enter  the  laser  beam.  Two  types  of  detection  schemes 
will  be  available:  (1)  a  radar  located  at  the  PEL  site  to  detect  larger 
objects  (objects  1.0  centimeter  in  diameter)  and  (2)  a  laser  located  at  the 
site  to  detect  smaller  objects. 

The  radar  system  would  be  operated  before  and  during  each  PEL  test  firing. 

Upon  detection  of  an  object,  this  system  would  automatically  abort  or  preclude 
operation  of  the  PEL  beam.  There  is  no  current  expectation  that  a  detection 
system  more  sensitive  than  this  radar  will  be  necessary  for  safe  operation. 
However,  if  a  requirement  to  detect  smaller  objects  becomes  necessary,  a  low 
power,  long  wavelength  laser  can  be  incorporated  at  the  site.  The  beam  from 
this  laser  would  travel  the  same  path  as  the  PEL  beam  but  would  be  larger  in 
diameter.  As  objects  enter  the  beam,  light  is  reflected  back  and  an  automatic 
shut-off  system  can  be  triggered  within  less  than  a  microsecond. 

4.  External  Safety  Procedures 

All  keep-out  zones  (i.e.,  security  and/or  safety)  would  be  fenced  and  would  be 
routinely  guarded  and  checked  during  operation  of  any  subsystem  which  could 
produce  injuries.  Keep-out  zones  would  be  large  enough  to  guarantee  no  human 
injury  from  radiation,  accidental  gas  emissions,  diffuse  photon  scatter,  or 
potential  electrical  hazards  (Pigure  IV-6).  All  chemical  (e.g.,  POL,  diesel 
fuel,  etc.)  and  supply  storage  locations  and  evaporation  ponds  would  be  within 
the  main  fences  along  the  perimeter  of  the  site. 

The  beam  energies  would  be  captured  or  absorbed  by  the  ground  target 
structures  and  converted  to  heat  during  ground  target  testing.  The  target 
containment  building  would  be  designed  to  capture  enough  of  the  direct 
specular  reflection  from  the  target  frame  so  that  an  observer  beyond  the  eye 
safety  distance  would  receive  less  than  the  prescribed  safe  level  of 
exposure(2). 

Por  airborne  targets,  the  PEL  would  begin  to  fire  only  when  the  test  target  is 
above  an  angle  of  45  degrees  to  the  local  horizon  during  air  target  tests(2). 
Sufficient  air  space  would  be  restricted  to  allow  the  laser  beam  to  exit  the 
airspace  above  60,000  feet  MSL  (Pigure  IV-7). 

The  eye  safe  limit  for  diffuse  scattering  could  be  met  by  a  keep-out  radius  of 
approximately  1.0  km  centered  on  the  beam  directors  and  any  ground  based 
targets. 

The  eye  safe  distance  from  small  (i.e.,  1.0  cm  in  diameter)  specular 
reflectors  is  one  km.  There  would  be  no  safe  keep-out  distance  for  a  larger 
specular  reflection;  the  system  must  be  designed  to  operate  in  concert  with  a 
tight  air  space  control  system  which  would  cause  termination  of  atmospheric 
propagation  if  a  large  object  enters  the  vicinity  of  the  beam. 

Careful  analysis  indicates  that  persons  exposed  to  scattered  laser  energy 
outside  the  one  km  saefty  zone  would  not  be  injured.  In  addition,  the 
probability  that  an  individual  looking  at  the  scatterer  would  receive  laser 
energy  would  be  less  than  5  x  10-7.  The  methodology  used  in  these  analyses 
as  well  as  the  assumptions  made  in  the  calculations  are  described  in  Appendix 
E. 
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on  of  Safety  Zones. 


Figure  IV-7.  Illustration  of  Safety'Zones  -  Aerial  Buffer. 


In  order  to  keep  fixed  and  rotary  wing  aircraft  out  of  the  danger  zones  during 
test  firing  of  the  PEL,  WSMR  Regulation  No.  70-3  would  be  enacted(69),  which 
establishes  procedures  by  which  all  tests  are  scheduled,  executed  and 
controlled.  Air  restrictions  could  affect  other  existing  and/or  proposed 
programs  at  WSMR. 

5.  Optical  Interference 

The  lighting  for  the  GBFEL-TIE  facility  does  not  appear  to  present  a  threat  to 
optical  astronomy  at  any  of  the  proposed  sites.  Analysis  of  scattered  light 
for  observers  situated  at  the  present  observatory  at  Sacramento  Peak,  and  at 
proposed  observatory  sites  at  South  Baldy  and  Capilla  Peak,  indicate  that  the 
luminance  of  scattered  light  would  not  be  more  than  3.07  x  10-7  Candela/m2 
at  the  zenith,  and  is  usually  much  less.  This  compares  with  a  natural  sky 
zenith  luminance  of  2  x  10-4  Candela/m2.  Estimations  for  the  light  levels 
of  local  towns  shows  that  their  light,  rather  than  the  GBFEL,  would  be  the 
dominant  artificial  light  source  in  the  area. 

M.  Radio  Frequency  Interference 

Specialized  scientific  equipment  at  WSMR  facilities,  such  as  the  NASA 
Telemetry  and  Data  Relay  Satellite  System  (TDRSS),  other  projects  such  as 
those  by  the  Office  of  Test  Directorate  (OTD),  and  off-range  facilities  such 
as  the  Very  Large  Array  (VLA)  radio  telescope  are  sensitive  to  radio  frequency 
interference;  however,  USASDC's  study  of  the  RFI  potential  indicates  that  the 
design  and  shielding  of  the  GBFEL  equipment  will  be  sufficient  to  prevent 
disruption  of  or  interference  to  the  radio  sensitive  electronics  near  any  of 
the  proposed  GBFEL-TIE  sites. 

The  safety  requirement  for  operating  personnel  is  100  watts  per  square  meter 
of  radio  frequency  energy.  While  there  is  no  current  evidence  that  the 
GBFEL-TIE  would  produce  this  much. RFI,  shielding  would  be  included  in  the 
design  to  limit  the  RF  field  to  this  level  within  the  buildings  containing  any 
possible  RF  sources.  Path  losses,  blockage  by  mountains,  and  shielded  rooms 
and  buildings  would  significantly  attenuate  any  RF  energy  so  that  it  does  not 
interfere  with  sensitive  equipment  in  the  area. 

The  laser  beam  itself  would  not  produce  interfering  levels  of  radio  frequency 
energy.  There  are  a  very  limited  number  of  ways  in  which  a  one  micron  laser 
beam  can  produce  RF  energy  in  its  propagation  through  atmosphere.  If  the 
laser  beam  is  very  intense,  it  would  cause  the  air  to  break  down  and  produce  a 
plasma.  Once  this  plasma  is  created,  the  laser  would  no  longer  be  able  to 
propagate  through  the  atmosphere.  The  laser  beam  associated  with  the 
GBFEL-TIE  is  specifically  designed  to  minimize  the  possibility  of  such  an 
atmospheric  breakdown.  The  size  of  the  beam  is  scaled  up  so  that  the  power 
density  of  the  beam  is  much  too  low  to  disassociate  the  atmosphere. 

The  only  observed  radiation  from  the  atmospheric  propagation  of  a  laser  beam 
has  been  an  afterglow  that  may  accompany  an  intense  pulsed  beam.  The  effect 
may  be  caused  by  several  phenomena,  but  is  primarily  due  to  the  decay  of 
excited  molecular  states  of  water  and  oxygen  in  the  air  by  the  beam's  electric 
field.  This  afterglow  contains  extremely  low  energy  which  is  in  very  narrow 
optical  frequency  bands.  There  is  no  evidence  to  indicate  that  this  radiation 
would  interfere  with  any  neighboring  instrumentation. 
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Experience  with  other  accelerators  indicates  that  there  should  be  little 
problem  with  RFI.  The  Stanford  Linear  Accelerator  could  not  be  detected 
during  operation  by  a  very  sensitive  radio  telescope  with  a  90  ft.  diameter 
parabolic  antenna  located  one  km  from  the  accelerator.  An  accelerator  at  Los 
Alamos  National  Laboratory  was  tested  using  equipment  capable  of  detecting 
signals  of  a  few  femtowatts  (10-15  watt)  per  square  meter  and  no  RFI  was 
measured  within  a  kilometer  of  the  accelerator. 

An  analysis  of  the  potential  6BFEL-TIE  interference  was  performed  assuming  the 
RF  energy  level  within  the  facility  was  100  watts  per  square  meter  (the  safety 
limit  for  operating  personnel).  It  was  also  assumed  that  shielding  of  120 
decibels  (db)  could  be  realized  with  the  combinations  of  a  shielded  room  (80 
db)  and  a  grounded  building  (40  db).  This  analysis  addressed  interference 
levels  at  cities  surrounding  the  candidate  GBFEL-TIE  sites  as  well  as  several 
technical  facilities  in  the  area.  Details  of  this  RFI  study  are  presented  in 
Appendix  H. 

An  assessment  of  the  interference  with  surrounding  cities  from  the  proposed 
GBFEL-TIE  candidate  sites  is  given  in  Table  IV-18.  A  sensitive  receiver  in 
this  range  can  detect  signals  at  -110  dBw  per  square  meter.  As  illustrated, 
the  most  stressing  case  (Orogrande  site  to  the  Village  of  Orogrande  at  1  MHz 
frequency  range)  is  less  than  -175  dBw  per  square  meter  or  65  dBw  per  square 
meter  below  the  receiver  threshold  (assuming  a  20  dBw  per  square  meter  or  100 
watts  per  square  meter  RF  energy  level  within  the  facility). 

Table  IV-19  illustrates  the  attenuation  of  RFI  noise  at  50  MHz  from  each 
candidate  site  to  the  VLA  radio  telescope.  Again,  it  was  assumed  that  a  100 
watt  per  square  meter  or  20  dBw  per  square  meter  RF  energy  level  was  within 
shielded  buildings.  The  VLA  is  sensitive  to  energy  levels  as  low  as  -188  dBw 
per  square  meter.  As  illustrated,  the  most  stressing  site  is  at  Stallion  and 
the  energy  level  is  only  -280  dBw  per  square  meter,  or  approximately  90  dBw 
below  the  interference  threshold  of  the  radio  telescope. 

The  analysis  also  addressed  the  NASA  TDRSS  facility.  Path  loss  from  the 
closest  prospective  site  (North  of  NASA)  to  the  NASA  facility  exceeds  100  db. 
In  addition,  shielding  can  be  designed  to  provide  up  to  120  db  of  attenuation 
in  the  2  to  20  GHz  frequency  range  (80  db  shielded  room  and  40  db  from  a 
grounded  building).  The  safety  requirements  coupled  with  the  shielding  and 
path  losses  reduce  the  potential  RFI  from  the  GBFEL-TIE  to  well  below  the 
sensitivity  of  the  TDRSS  ground  station  or  satellites. 

N.  Energy  Conservation  Potential 

The  GBFEL-TIE  would  utilize  energy  conservation  measures  to  the  maximum  extent 
practicable,  in  order  to  conserve  national  petroleum  reserves  and  reduce 
operational  costs.  Such  measures  would  include  use  of  open  air  heat 
exchangers  instead  of  the  evaporative  towers  during  the  cooler  months; 
adequate  insulation  to  reduce  space  heating  requirements;  and  proper  design, 
construction  and  operation  of  equipment  and  facilities  to  insure  that  fuel 
consumption  is  as  efficient  as  it  can  be.  In  addition,  employees  would  be 
encouraged  to  implement  strategies  to  conserve  energy  such  as  turning  off 
lights  when  not  in  use,  wearing  adequate  clothing  in  winter  months  and  car 
pooling  to  and  from  work. 
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Table  IV-18 


Estimated  Radio  Frequency  Attenuation  from  Site  to  City* 

(dBw) 


NORTH  OF  NASA  TO  LAS  CRUCES 


Attenuation  Due  To: 

1  MHz 

100  MHz 

1000  MHz 

Shielding 

120 

120 

120 

Free  Space  Losses 

90 

90 

90 

Diffraction  Losses 

0 

5 

25 

' 

Total 

210 

215 

235 

STALLION  TO  SOCORRO 

Attenuation  Due  To: 

1  MHz 

100  MHz 

1000  MHz 

Shielding 

120 

120 

120 

Free  Space  Losses 

90 

90 

90 

Diffraction  Losses 

0 

0 

15 

"  ' 

Total 

210 

210 

225 

OROGRANDE  TO  OROGRANDE 


Attenuation  Due  To: 

1  MHz 

100  MHz 

1000  MHz 

-Shielding 

120 

120 

120 

Free  Space  Losses 

75 

75 

75 

Diffraction  Losses 

0 

0 

.  0 

- 

Total 

195 

195 

195 

OROGRANDE  TO  ALAMOGORDO 

Attenuation  Due  To: 

1  MHz 

100  MHz 

1000  MHz 

Shielding 

120 

120 

120 

Free  Space  Losses 

95 

95 

95 

Diffraction  Losses 

0 

10 

40 

" 

■  ■■ 

Total 

215 

225 

255 

♦Rounded  values  (see  Appendix  H  for  calculation) 
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Table  IV-19 


Estimated  Attenuation  of  50  MHz  Noise* 
(dBw) 

VIA  at  50  MHz 


Loss 

Stal lion 

North  of  NASA 

Orogrande 

Shielded  Room 

120 

120 

120 

Obstacles 

20 

20 

20 

Spherical  Earth 

20 

40 

60 

Free  Space 

no 

120 

120 

Side  Lobes 

30 

30 

30 

TOTALS 

300 

330 

350 

♦Rounded  values 

(see  Appendix  H  for 

calculation) 

O.  Airspace  Impacts 

Any  requirement  to  further  restrict  airspace  in  the  regions  adjacent  to  the 
GBFEL-TIE  site  will  be  accommodated  on  an  as-needed  call-up  basis  similar  to 
that  currently  applied  to  airspace  around  WSMR  itself.  This  airspace  would  be 
restricted  to  general  and  commercial  aviation  only  during  such  times  that 
aerial  or  space-borne  targets  are  used. 

P.  Cumulative  Effects 

As  mentioned  previously,  the  U.S.  Air  Force  has  prepared  a  Legislative  EIS 
concerning  the  potential  location  of  the  SICBM  program  at  WSMR.  This  project 
is  still  in  the  preliminary  stages  of  planning  and  design  and  thus,  the 
potential  cumulative  effects  of  the  SICBM  and  GBFEL-TIE  programs  cannot  be 
accurately  assessed  at  present.  Beneficial  and/or  adverse  socioeconomic 
effects  could  be  influenced  by  the  SICBM,  depending  upon  its  timing  and 
construction/operation  needs. 

Construction  and  operation  of  the  proposed  GBFEL-TIE  at  the  Stallion  site 
would  further  reduce  valuable  and  productive  grasslands  which,  in  turn,  could 
significantly  reduce  WSMR's  pronghorn  population.  Displacement  of  the 
programs  presently  utilizing  the  Stallion  area  could  result  in  additional 
habitat  losses.  The  type  and  magnitude  of  these  losses  would  depend  upon  the 
new  location  of  the  programs.  The  WIT  areas,  in  particular,  could  require 
extensive  land  clearing  on  other,  relatively  undisturbed,  areas. 

Power  transmission  lines  constructed  across  the  river  valley  to  serve  the 
Stallion  site  may  result  in  the  loss  of  whooping  cranes  during  the  migration 
season.  In  light  of  their  present  endangered  status,  individual  losses  to 
whooping  cranes  would  be  considered  significant. 
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Siting  the  proposed  GBFEL-TIE  at  North  of  NASA  may  result  in  significant 
adverse  effects  to  the  desert  bighorn  sheep.  Because  of  their  limited  numbers 
and  the  current  environmental  stresses  they  are  experiencing,  the  loss  of  an 
individual  sheep  could  result  in  the  potential  loss  of  the  entire  herd. 

Construction  of  a  powerline  across  the  Rio  Grande  valley  to  serve  the  North  of 
NASA  site  would  have  similar  effects  on  whooping  cranes  as  that  described 
above  for  the  Stallion  site. 

Construction  and  operation  of  the  proposed  GBFEL-TIE  at  the  Orogrande  should 
not  add  significantly  to  the  cumulative  environmental  effects  of  WSMR 
programs.  This  area  has  been  used  for  previous  programs  and  is  situated 
within  a  habitat  type  that  is  presently  predominant  of  Ft.  Bliss  and  the 
southern  half  of  WSMR. 

Displacement  of  the  Border  Star  Joint  Field  Training  Exercises  would  not 
present  significant  environmental  effects,  since  it  is  presently  anticipated 
that  these  exercises  could  still  utilize  Ft.  Bliss  which  is  commonly  and 
heavily  used  for  such  programs.  In  addition,  the  Border  Star  exercises  are 
periodic. 
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MITIGATION  MEASURES 


This  section  describes  those  measures  which  would  be  implemented  at  any  of  the 
alternative  sites  to  ameliorate  potential  adverse  consequences  that  would 
result  from  the  proposed  GBFEL-TIE  program.  These  measures  are  described,  by 
resource,  in  the  following  paragraphs. 

A.  General 

Any  major  modifications  to  the  proposed  project  will  require  prior  approval 
from  the  Commander,  WSMR,  and  may  require  an  amendment  or  supplement  to  this 
EIS.  Power  generation,  storage,  and  transmission  for  the  high  power  phase 
will  be  addressed  by  a  separate  environmental  analysis.  Existing  disturbed 
areas  will  be  used  to  the  extent  possible  to  obviate  additional  construction 
activities  (e.g.,  clearing  and  grading). 

Any  mishaps  such  as  fires  and  spills  will  be  immediately  reported  to  the 
Commander,  WSMR.  A  post-accident  report  which  describes  measures  taken  to 
ameliorate  the  impacts,  as  well  as  those  measures  implemented  to  minimize  the 
potential  of  a  similar  accident  recurring,  will  be  prepared  by  the  GBFEL-TIE 
program  manager  for  submission  to  the  Commander,  WSMR. 

B.  Soils  and  Geology 

Disturbance  of  topsoils  will  be  kept  to  a  minimum.  Cleared  areas  will  be 
protected  from  erosion  during  construction.  Any  area  subject  to  wind  erosion 
will  be  seeded  or  otherwise  stabilized  upon  completion  of  construction 
activities.  Reseeding  will  be  coordinated  through  the  WSMR  Environmental  and 
Natural  Resources  Office  (ENRO)  to  assure  that  proper  species  and  timing  are 
utilized.  Soil  borings  will  be  conducted  at  the  selected  site  to  determine 
the  suitability  of  ancillary  structures  such  as  temporary  landfills  and  sewage 
lagoons.  Special  construction  and  engineering  techniques  (e.g.,  liners)  will 
be  implemented  to  mitigate  any  unsuitability. 

Borrow  pits  and/or  spoil  sites  may  be  required  by  project  design  and 
construction.  If  required,  the  use  of  borrow  pits  and/or  spoil  sites  will  be 
held  to  the  minimum  necessary  to  accomplish  the  project.  Upon  completion  of 
construction,  these  borrow  pits  and/or  spoil  sites  will  be  properly  restored 
by  grading  and  drainage  to  prevent  ponding  or  erosion  and  allowed  to 
revegetate  back  to  a  natural  condition. 

C.  Air  Quality 

A  stationary  air  quality  monitoring  station  will  be  established  at  the 
selected  site  to  assure  that  state  and  Federal  standards  are  not  contravened. 
Parameters  to  be  monitored  will  include,  but  not  be  limited  to,  sulfur  oxides 
(SO  ),  nitrogen  oxides  (NO  ),  particulates,  carbon  dioxide  (COp),  carbon 
monoxide  (CO),  ozone  (0^)  and  argon  (Ar).  Data  obtained  from  this  station 
would  also  be  used  to  model  potential  air  quality  impacts  that  may  result 
during  the  high  power  phase.  This  station  will  be  located  downwind  of  the 
proposed  laser  facility  in  the  direction  of  the  prevailing  winds.  The  station 
will  be  established  at  the  earliest  practical  time  during  the  construction 
phase,  to  provide  an  adequate  set  of  background  data  for  future  modelling. 

Construction  areas  will  be  kept  wet,  to  the  extent  practical,  to  ameliorate 
fugitive  dust. 
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D.  Water  Quality  and  Supply 

All  domestic  and  industrial  waste  waters  will  be  disposed  of  in  sewage 
treatment  facilities  maintained  by  GBFEL-TIE  personnel.  These  facilities 
would  be  separate,  if  required.  Routine  checks  and  maintenance  of  these 
facilities  will  be  required  in  order  to  assure  proper  and  adequate  treatment. 
Periodic  inspection  of  these  facilities  will  be  conducted  and  documented  in 
inspection  reports  which  will  be  submitted  to  the  Commander,  WSMR.  The 
operation  and  maintenance  will  be  conducted  in  accordance  with  the  New  Mexico 
Utility  Operators  Certification  Requirements. 

Conservation  measures  (e.g.,  closed  loop  and  open  air  cooling  systems)  will  be 
implemented  to  the  maximum  extent  practical  to  preclude  any  unnecessary  waste 
of  water  supplies. 

All  stock  tanks,  seeps,  springs  and  semi -permanent  streams  and  lakes  will  be 
considered  off-limits. 

Storage  tanks  for  petroleum,  oils  and  lubricants  (POL),  as  well  as  other 
potentially  toxic  materials  will  not  be  located  within  0.25  miles  of  any  stock 
tank,  seep,  spring,  semi -permanent  stream  or  lake.  POL  and  other  toxic 
•material  storage  tanks  will  be  enclosed  by  containment  levees  and  inspected 
daily  for  potential  leaks  or  spills.  Tanks  will  be  constructed  and  maintained 
in  accordance  with  Resource  Conservation  and  Recovery  Act  (RCRA)  regulations. 
All  leaks  or  spills  in  excess  of  five  gallons  will  be  immediately  reported  to 
the  Commander,  WSMR. 

E.  Solid  Waste 

Solid  waste  generated  during  operation  of  the  proposed  program  will  be 
collected  and  disposed  of  by  an  approved  and  licensed  contractor (s),  in 
accordance  with  State  of  New  Mexico  regulations.  Construction  wastes  such  as 
waste  lumber  or  concrete  will  be  buried  on-site.  No  toxic  or  hazardous 
materials  will  be  buried  in  this  landfill.  The  landfill  will  be  closed-out, 
covered  and  reseeded  upon  completion  of  construction  activities.  Burning  of 
refuse  is  prohibited. 

Other  wastes  such  as  spent  cutting  oil  and  cleaning  fluids  or  those  produced 
by  filtering  systems  (e.g.,  vacuum  pump  oil,  cooling  water,  etc.)  will  be 
transported  and  disposed  of  by  local,  approved  contr actor (s),  in  accordance 
with  State  of  New  Mexico  and  USEPA  regulations. 

F.  Biological  Resources 

Construction  and  operation  of  the  GBFEL-TIE  at  any  of  the  sites  under 
consideration  would  have  adverse  impacts  to  biological  resources  at  WSMR.  As 
indicated  in  Section  I  (Subsection  D.  Environmentally  Preferred  Alternative) 
these  adverse  impacts  can  be  minimized  by  the  selection  of  the  Orogrande  site. 
However,  even  in  this  case  there  would  be  impacts  directly  attributable  to 
the  GBFEL-TIE.  Therefore,  in  accordance  with  the  Council  on  Environmental 
Quality's  regulations  for  implementing  NEPA  located  at  40  CFR  1505.2(c),  the 
U.S.  Army  Strategic  Defense  Command  has  agreed  to  fund  a  program  for  the 
monitoring  and  mitigation  of  these  adverse  impacts. 

The  goal  of  the  program  will  be  to  ascertain  the  actual  project-induced 
impacts  on  wildlife  and  the  effectiveness  of  various  mitigation  measures 
including,  but  not  limited  to,  water  source  replacement  and  habitat 
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restoration  and  improvement.  To  achieve  this  goal,  specific  mitigation 
measures,  along  with  research  questions  and  monitoring  efforts  will  be 
developed  by  an  inter-agency  Mitigation  Oversight  Team  (MOT).  The  MOT  will 
consist  of  one  representative  member  each  from  USASDC,  WSMR,  the  U.S,  Fish  and 
Wildlife  Service  (USFWS)  and  the  New  Mexico  Department  of  Game  and  Fish 
(NMD6F).  Additional  personnel  having  particular  expertise  may  be  invited  to 
contribute  as  needed.  Mitigation  measures  and  research  efforts  identified  by 
the  MOT  will  be  executed  by  USASDC.  The  MOT  will  convene  periodically  to 
review  progress  and  to  suggest  modifications  and  make  recommendations. 

Funding  for  these  efforts  will  be  provided  by  USASDC,  to  include  the  transfer 
of  funds  to  WSMR,  USFWS  and  NMDGF  for  participation  in  the  program. 

Discussion  with  these  agencies  have  indicated  that  the  total  expenditures  that 
would  be  required  by  the  USASDC  for  successful  execution  of  the  wildlife 
mitigation  program  should  not  exceed  $1,000,000. 

Items  which  have  been  identified  to  date  as  requiring  consideration  include 
utilization  of  water  catchments  and  habitat  recruitment  by  wildlife, 
differential  revegetation  rates  under  natural . and  induced  situations,  use  of 
ground  target  structures  as  nesting  sites,  prevention  use  of  lagoons 
containing  metal  salts  or  biocides  by  waterfowl  and  piscivorous  animals,  and 
identification  and  buffering  of  any  Swainson's  hawk  nesting  sites  within  the 
Orogrande  project  area. 

1.  Vegetative  Communities 

Impacts  to  the  area's  wildlife  habitats  will  be  minimized  by  utilizing 
previously  disturbed/developed  lands  to  the  extent  practical,  including 
parallel  construction  of  transmission  lines,  roads  and  railroads.  If 
construction  staging  areas  are  required  to  be  located  in  areas  that  have  not 
been  previously  cleared  or  graded,  the  locations  of  the  work  area  will  be 
approved  by  the  GBL  project  office  in  coordination  with  the  WSMR  ENRO. 

Construction  staging  areas  and  transmission  line  rights-of-way  will  be 
reseeded  or  revegetated  as  soon  as  possible  after  completion  of  the  line. 
Coordination  with  the  WSMR  ENRO  will  be  conducted  in  order  to  assure  that 
proper  timing  and  species  types  are  utilized. 

Open  fires  on  WSMR  are  prohibited.  Accidental  fires  will  be  immediately 
reported  to  the  WSMR  Fire  Department  in  order  to  activate  WSMR's  Fire 
Prevention  and  Control  Plan. 

2.  Wildlife 

Scheduling  the  construction  of  transmission  lines,  roads,  railroad  spurs,  etc. 
and  determination  of  their  routes  will  be  coordinated  through  the  WSMR  ENRO  to 
avoid  unique  or  environmentally  sensitive  resources  to  the  maximum  extent 
practical. 

Water  catchments  will  be  constructed  outside  of  the  test  area  to  enhance 
wildlife  resources  where  deemed  necessary,  to  compensate  for  lost  or  displaced 
existing  water  resources.  Construction  will  be  coordinated  through  WSMR  ENRO. 

Power  transmission  line  conductors  will  be  adequately  spaced,  as  prescribed  by 
the  Raptor  Research  Foundation(70)  in  order  to  preclude  raptor  entanglement 
and/or  electrocution. 
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Specific  field  surveys  for  threatened  or  endangered  species  will  be  conducted 
in  those  areas  that  would  be  potentially  affected  and  that  provide  potential 
habitat  for  such  species  prior  to  construction  activities.  The  survey  will  be 
coordinated  through  the  WSMR  ENRO,  New  Mexico  Department  of  Game  and  Fish 
(Santa  Fe)  and  the  U.S.  Fish  and  Wildlife  Service  (Albuquerque).  The  results 
of  this  survey  will  be  incorporated  in  subsequent  NEPA  documentation. 

Fences  will  be  routinely  checked  to  insure  that  they  have  not  incurred  any 
damages  that  would  allow  entrance  of  large  mammals  (e.g.,  gemsbok,  pronghorn) 
during  test  runs. 

G.  Cultural  Resources 

As  specified  in  WSMR's  Memorandum  of  Agreement  (MOA  -  Appendix  G,  DEIS)  with 
New  Mexico's  SHPO,  a  100  percent  survey  will  be  conducted  at  the  selected 
project  area  to  identify  and  evaluate  the  existing  archeological/cultural 
resources.  Eligibility  of  these  resources  to  be  included  on  the  National 
Register  will  also  be  determined  and,  where  appropriate,  listing  will  be 
requested. 

Mitigation  of  impacts  to  these  resources  may  require  excavation,  analysis  and 
archival  curation.  A  mitigation  plan  will  be  developed  in  cooperation  with 
the  WSMR  ENRO,  New  Mexico  SHPO  and  the  Advisory  Council  on  Historic 
Preservation  in  the  event  such  measures  are  required.  All  resources  recovered 
will  be  identified,  labelled  and  archived  by  WSMR  and/or  local  universities 
and  museums. 

Routings  of  fences,  transmission  lines,  communication  cables,  roads, 
railroads,  etc.  will  be  coordinated  through  the  WSMR  ENRO  in  order  to  avoid 
additional  archeological/cultural  sites  to  the  maximum  extent  practical. 

Any  additional  sites  that  are  discovered  by  construction  crews  during  field 
operations  will  be  immediately  reported  to  the  GBL  project  office. 

Construction  activities  will  cease  or  by-pass  these  areas  until  inspection  and 
subsequent  course  of  action  is  coordinated  with  the  WSMR  ENRO. 

H.  Socioeconomic 

To  the  extent  that  construction  contractors  would  utilize  local  workers, 
additional  demands  placed  upon  local  utilities,  schools,  recreation 
facilities,  law  enforcement,  etc.  would  be  minimized. 

Detailed  socioeconomic  impact  planning  will  be  addressed  in  the  Tier  II 
analysis. 

The  Defense  Economic  Adjustment  Program  can  help  communities  that  expect 
problems  in  providing  essential  public  services  to  new  residents  brought  by 
the  GBFEL-TIE  project.  Requests  can  be  made  to  the  Department  of  Defense  by 
state  or  local  officials. 

I.  Health  and  Safety 

Lead,  iron  and  concrete  shields  will  be  utilized  within  the  laser  facility  to 
reduce  potential  ionizing  radiation  of  program  personnel.  All  control  rooms 
for  the  facility  would  be  sufficiently  shielded  through  the  use  of  lead,  iron, 
concrete  and  earthenworks  to  insure  proper  health  and  safety.  Hourly  dosage 
levels  would  be  limited  to  less  than  0.002  rads  for  any  personnel  outside  the 
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test  cell  by  this  shielding.  This  amount  is  within  Federal  dosage  limits. 

The  shielding  at  similar  facilities  consists  of  ten  inches  of  iron,  twelve 
feet  of  air,  twelve  inches  of  reinforced  concrete  and  a  minimum  of  twelve  feet 
of  earth. 

The  shielding  provided  is  also  adequate  to  protect  aviation.  At  any  altitude 
above  the  GBFEL-TIE  facility,  the  ionizing  radiation  would  be  attenuated  to  a 
level  of  no  more  than  0.002  rads  per  hour  by  the  protective  lead  and  concrete 
shields.  Interference  with  navigational  aids  contained  in  the  aircraft  would 
also  be  precluded.  Airspace  above  the  GBFEL-TIE  will  be  restricted; 
scheduling  of  tests  will  be  coordinated  through  WSMR  National  Range  (NR) 
Directorate. 

Other  electromagnetic  interferences  will  be  mitigated  by  shielding  and  the 
fenced  areas.  Those  components  which  generate  radio  frequency  (RFI)  and 
electromagnetic  interference  (EMI)  would  be  contained  within  a  Faraday  cage  to 
reduce  or  eliminate  interference  outside  of  the  test  facility.  The 
combination  of  this  type  shielding  and  the  distance  from  any  of  the  three 
sites  to  residential  areas  would  preclude  interference  with  televisions, 
radios  and  computer  equipment  operated  in  the  area  around  WSMR.  Warning  signs 
will  be  posted  at  the  laser  facility  for  persons  wearing  pacemakers,  since 
magnetic  fields  greater  than  5.0  gauss  may  cause  these  devices  to  malfunction. 
In  addition,  close  coordination  will  be  required  to  insure  that  such 
equipment  at  existing  program  facilities  near  the  selected  site  is  either  not 
operating  or  are  adequately  protected  during  test  operations,  to  obviate 
losses  of  pertinent  data  and/or  equipment.  Other  components,  such  as  the 
accelerator,  would  be  shielded  with  materials  that  have  magnetic  properties 
(e.g.,  iron,  steel)  to  capture  and  dissipate  magnetic  pulses  that  would  be 
produced  during  operation  of  the  accelerator. 

Only  for  the  duration  of  the  test  run  (i.e.,  maximum  of  60  seconds)  would 
there  be  a  potential  to  produce  electromagnetic  or  ionizing  radiation.  The 
only  source  of  residual  ionizing  radiation  would  be  potentially  activated 
components  of  the  laser  equipment  which  would  be  shielded  from  the  outside 
environment. 

A  radiation  detection  warning  system  and  personnel  exposure  badges  will  be 
implemented.  This  system  will  include  radiation  monitors  on  all  gas  and  fluid 
lines  which  exit  the  facility,  as  well  as  monitors  on  all  entrances  and  exits 
to  areas  where  radiation  activated  components  may  occur. 

A  gas  detection  system  will  be  utilized  to  detect  and  measure  ozone  (O^), 
benzene  (CgHg),  carbon  monoxide  (CO),  smoke  and  carbon  dioxide  (CO2) 
levels. 

No  access  to  the  test  cell  will  be  permitted  until  20  minutes  after  cessation 
of  the  test  and  upon  receipt  of  analyses  from  ozone  sensors  to  confirm  that 
concentration  of  ozone  within  the  test  cell  is  no  more  than  0.1  parts  per 
million  (ppm).  Access  to  the  accelerator  for  maintenance,  etc.  would  be 
restricted  until  concentration  of  benzene  has  reached  acceptable  levels.  The 
detection  system  for  the  last  three  parameters  (i.e.,  CO,  smoke  and  CO2) 
would  provide  an  early  warning  system  for  accidental  fires  in  relatively 
inaccessible  areas  such  as  the  accelerator  and  wiggler. 

Additional  radiation  monitors  would  measure  the  level  of  any  activated  gases 
or  dust  to  ensure  that  the  beam  dump  vault  is  within  acceptable  ranges  for 
ionizing  radiation. 
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"Voltage  on"  indicators  and  mechanical  interlocks  will  be  installed  to  prevent 
high  voltage  electrocution  accidents  from  occurring. 

Both  automatic  and  manual  photon  beam  shutters  will  be  on  all  subsystem 
entrances  and  exits. 

A  vacuum  leak  and  coolant  flow  leak  detection  system  will  prevent  operation  of 
the  laser  in  case  of  vacuum  pumps  and  cooling  systems  failure. 

All  pressurized  gas  systems  will  have  blow  out  disks  and  venting  systems  to 
prevent  overpressure. 

Construction  contractors  will  be  required  to  strictly  adhere  to  Occupational 
Safety  and  Health  Administration  (OSHA)  regulations. 

Safety  Standard  Operating  Procedures  (SSOP)  will  be  formulated  and  published 
to  insure  that  all  program  personnel  are  protected  to  the  maximum  extent 
practical.  The  SSOP  will  include,  but  not  be  limited  to,  noise  protection, 
eye  safety,  gas  detection/monitoring  system,  keep-out  zones  and  electrocution 
precautions.  The  SSOP  will  be  coordinated  with  WSMR  and  provided  to  all 
6BFEL-TIE  personnel . 

WSMR  has  established  a  comprehensive  Hearing  Conservation  Program  consisting 
of  five  major  parts:  (1)  identify  and  post  noise  hazard  situations;  (2)  use 
engineering/administrative  control  measures  against  noise;  (3)  provide  hearing 
protection;  (4)  provide  audiometric  testing;  and  (5)  instruct  personnel  in 
proper  use  of  protection  equipment.  This  program  will  be  implemented  and 
strictly  adhered  to  during  the  construction  and  operation  phases  of  the 
proposed  project. 

J.  Radio  Frequency  Interference 

Special  containment  building  design  and  construction,  high  performance  line 
filters,  shielding,  natural  attenuation,  etc.,  will  all  be  employed  to  prevent 
radio  frequency  interference  (RFI)  from  the  GBFEL-TIE.  Any  radar  equipment 
employed  will  be  chosen  to  operate  in  a  frequency  range  outside  the  bands  used 
by  sensitive  equipment  in  the  area. 
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PUBLIC  INVOLVEMENT 


VI.  PUBLIC  INVOLVEMENT 

A.  Scoping  Meetings 

Public  comments  concerning  the  GBFEL-TIE  project  were  solicited  from  Federal, 
state  and  local  agencies  and  from  the  general  public  prior  to  initiation  of 
the  Draft  EIS.  Agencies  were  invited  by  letter  to  an  agency  scoping  meeting 
held  in  Albuquerque,  New  Mexico  on  14  July  1986.  Notification  was  given  in 
the  local  newspapers  announcing  four  Public  Scoping  Meetings  at  Socorro, 
Alamogordo  and  Las  Cruces,  New  Mexico  and  El  Paso,  Texas  on  15  July,  16  July, 
17  July  and  21  July  1986,  respectively.  Copies  of  the  agency  letter  and  the 
public  notices  were  presented  in  Appendix  F  of  the  DEIS. 

Handouts  were  presented  to  each  attendee  at  each  of  the  meetings  (see  Appendix 
F,  DEIS).  The  purpose  of  these  handouts  was  to  briefly  but  concisely  inform 
attendees  of  the  purpose  of  the  GBFEL-TIE,  as  well  as  the  proposed 
applications  and  potential  impacts.  The  agenda  of  each  meeting,  all  of  which 
were  moderated  by  USASDC,  consisted  of  a  brief  welcome  and  introduction,  an 
explanation  of  the  purpose  of  the  scoping  meeting,  a  brief  description  of  the 
project  and  types  of  potential  impacts  that  would  be  consideredi  All  general 
discussion  periods  were  followed  with  a  comment  and  suggestion  period  to  allow 
for  increased  attendee  input.  A  court  stenographer  recorded  all  the 
proceedings  and  discussions  verbatim.  These  transcripts  are  available  for 
review  at  the  Fort  Worth  District  Corps  of  Engineers  office.  Comments  and 
suggestions,  including  questions  brought  forth  at  the  meetings  as  well  as 
USASDC  responses,  are  included  in  these  transcripts.  The  agenda  and 
significant  discussion  themes  for  each  scoping  meeting  are  summarized  in  the 
following  paragraphs. 

1.  Agency  Scoping  Meeting,  Albuquerque,  NM  -  14  July  1986 

The  agency  meeting  for  Federal,  state  and  local  agencies  with  potential  input 
into  the  GBFEL-TIE  Draft  EIS  was  held  at  Room  6008  of  the  Old  Federal 
Building,  517  Gold  Street  SW.,  Albuquerque,  New  Mexico.  The  meeting,  which 
took  place  between  1:20  PM  and  2:15  PM,  had  28  representatives  in  attendance. 
The  introduction  and  presentation  by  USASDC  was  made  and  the  meeting  was 
opened  for  comments,  suggestions  and  questions. 

The  significant  issues  or  concerns  identified  during  this  meeting  included: 

0  Corps  of  Engineers  jurisdiction 
0  Permit  applications 
0  Seismicity 

0  Physical  requirements  of  GBFEL-TIE  facility 
0  Impact  of  utility  right-of-ways  on  public  and 
private  lands 

0  Conflicts  with  other  public  programs 

0  Airspace  requirements  and  restrictions 

0  Water  resources 
0  EIS  time  schedule 
0  Socioeconomic  effects 

2.  Public  Scoping  Meeting,  Socorro,  NM  -  15  July  1986 

There  were  45  persons  in  attendance  at  the  Socorro  Public  Meeting  held  at  the 
Socorro  County  Courthouse  between  7:30  PM  and  8:18  PM.  After  the  USASDC 
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introduction  and  presentation  regarding  the  proposed  GBFEL-TIE  project,  an 
invitation  was  extended  to  make  comments  or  statements  in  response  to  the 
proposed  GBFEL-TIE  project. 

The  significant  issues  discussed  were  as  follows: 

0  Seismicity 

0  Physical  size  of  laser  facility 
0  Radio  frequency  interference 

0  Project  related  bidding  and  contracts 

3.  Public  Scoping  Meeting,  Alamogordo,  NM  -  16  July  1986 

The  Alamogordo  Public  Meeting,  held  at  the  Civic  Center  Room,  1st  and  Florida 
Streets,  started  at  7:40  PM  and  ended  at  8:45  PM.  There  were  185  persons  in 
attendance.  As  at  previous  scoping  meetings,  a  comment  and  question  session 
followed  the  introductions  and  presentation. 

The  significant  issues  and  concerns  discussed  were  as  follows: 

0  Technical  feasibility  of  SOI  program 
0  Effects  upon  SALT  talks 
0  Offensive  use  of  experiment 

0  Safety  hazards  including  radiation  and  hazardous 
gases 

0  Seismicity 

0  Power  requirements  and  potential  sources 
0  Airspace  requirements  and  control 

0  Potential  labor  force  requirements 

0  Source  of  construction  supplies 

4.  Public  Scoping  Meeting,  Las  Cruces,  NM  -  17  July  1986 

The  Las  Cruces  Public  Meeting,  held  in  the  City  Council  Chamber,  200  N.  Church 
St.,  had  a  total  of  175  attendees.  The  meeting  commenced  at  7:30  PM  and 
adjourned  at  8:50  PM.  After  introduction  of  the  local  dignitaries  and 
officials  present  and  the  GBFEL-TIE  presentation,  the  meeting  was  opened  to 
comments  and  questions. 

The  significant  topics  identified  included: 

0  Effects  on  local  housing 

0  Electrical  power  source  and  requirements 

0  Air  pollution  and  health  problems 
0  Project  duration 

0  Work  force  requirements 
0  Water  resource  conservation 
0  Research  benefits 

0  Economic  effects 

5.  Public  Scoping  Meeting,  El  Paso,  TX  -  21  July  1986 

There  were  95  persons  in  attendance  at  the  El  Paso  Public  Meeting.  The 
meeting,  which  was  held  in  the  City  Council  Chamber,  Room  2  of  the  Civic 
Center  Plaza,  started  at  1930  hrs  and  concluded  at  2100  hr s.  Several 
dignitaries  and  officials  were  introduced  prior  to  and  immediately  after  the 
presentation.  A  period  of  public  comments  and  questions  followed. 
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The  significant  issues  and  concerns  discussed  were: 


0  Potential  power  sources 
0  Storage  and  transportation  of  radioactive 
by-products 

0  Potential  atmospheric  impacts 
0  Economic  and  technical  feasibility  of  project 
0  Worst  case  scenarios 

0  Effects  of  transportation 

0  Water  resources 

B.  Agency  Coordination  and  Agreements 

The  Department  of  the  Army  (DA)  White  Sands  Missile  Range  (WSMR)  recognizes 
the  effect  that  on-going  mission  activities  could  have  on  existing  wildlife 
and  historical  resources.  To  ameliorate  any  potential  impact  to  these 
historical  and  natural  resources,  the  DA  closely  coordinates  with  those 
agencies  which  regulate  and  protect  these  resources. 

1.  New  Mexico  State  Historic 
Preservation  Office  (SHPO) 

The  DA  WSMR  has  agreed  that  any  mission  or  activity  shall  be  conducted  in 
accordance  with  a  multi-point  Memorandum  of  Agreement  with  New  Mexico  SHPO. 

The  complete  memorandum  of  agreement  was  presented  in  Appendix  G  of  the  DEIS. 
The  document  essentially  consists  of  an  agreement  to: 

a.  Treat  historical  properties  according  to 
their  significance,  balanced  against 
public  values  and  the  military  mission. 

b.  Adhere  to  a  comprehensive  historic 
preservation  plan. 

c.  Implement  a  cultural  and  historical 
resource  protection  program. 

d.  Implement  a  public  education  program. 

e.  In  conjunction  with  SHPO  implement  a 
research  administration  plan. 

f.  Provide  specific  materials  for  comment 
and  review. 

g.  Require  archeological  contractors  to 
adhere  to  given  stipulations. 

h.  Share  data  with  SHPO. 

2.  Fish  and  Wildlife  Service 

Considering  the  potential  impact  the  GBFEL-TIE  facility  construction  and 
operation  may  have  on  natural  resources,  cooperation  and  coordination  with  the 
U.S.  Fish  and  Wildlife  Service  and  the  New  Mexico  Department  of  Game  and  Fish 
Department  was  solicited  and  encouraged.  Each  of  these  agencies  was  informed, 
by  letter,  of  the  proposed  project.  The  purpose  and  operation  of  the 
GBFEL-TIE  were  briefly  explained  and  a  request  was  made  from  each  agency  for 
information  concerning  threatened  and  endangered  species  that  may  occur  at  any 
of  the  three  sites  and  could  potentially  be  impacted  by  either  the 
construction  or  operation.  Additionally,  any  other  data  concerning  impacts 
that  the  proposed  GBFEL-TIE  could  have  on  existing  resources  were  requested. 
Responses  to  these  requests  are  incorporated  as  Appendix  A. 
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C.  Public  Review  and  Comment 

Public  comments  concerning  the  DEIS  were  solicited  from  Federal,  state  and 
local  agencies  and  from  the  general  public  after  a  Notice  of  Availability  was 
published  in  local  newspapers.  The  notice  also  announced  four  public  meetings 
at  Socorro,  Alamogordo  and  Las  Cruces,  New  Mexico  and  El  Paso,  Texas  on  20 
October,  21  October,  22  October  and  23  October  1986,  respectively. 

Handouts  were  available  for  every  attendee  at  each  meeting.  The  handout 
summarized  the  information  on  the  purpose  of  the  GBFEL-TIE,  proposed 
applications  and  potential  impacts  presented  in  the  DEIS.  The  handout  also 
contained  a  blank  form  to  complete  and  turn  in  before  the  meeting  for  those 
persons  wishing  to  make  a  public  statement.  The  agenda  of  each  meeting,  all 
of  which  were  moderated  by  USASDC  and  U.S.  Army  Corps  of  Engineers  Fort  Worth 
District,  consisted  of  a  brief  welcome  and  introduction,  an  explanation  of  the 
purpose  of  the  public  meetings,  a  brief  description  of  the  project  and  a 
summary  of  the  types  of  potential  impacts  that  were  considered.  After  the 
general  introduction  and  briefing  comments  were  made,  the  public  was  allowed 
to  present  comments  both  written  and  orally.  The  deadline  for  submitting 
comments  on  the  DEIS  was  originally  established  as  18  November  1986,  but  was 
later  extended  to  21  November  1986.  Comments  received  or  postmarked  before  21 
November  1986  were  addressed  and  are  included  in  this  FEIS. 

A  court  stenographer  recorded  all  the  proceedings  and  discussions  verbatim. 
These  transcripts  are  available  for  review  at  the  Fort  Worth  District  Corps  of 
Engineers  office.  The  agenda  and  significant  discussion  themes  for  each 
public  hearing  are  included  in  the  following  paragraphs. 

1.  Public  Meeting,  Socorro,  NM  -  20  October  1986 

There  were  181  persons  in  attendance  at  the  Socorro  Public  Meeting  held  at  the 
Macey  Conference  Center,  New  Mexico  Institute  of  Mining  and  Technology.  The 
meeting  was  held  between  7:30  PM  and  10:30  PM.  After  the  introduction  and 
presentations,  persons  wishing  to  make  a  public  statement  regarding  the  DEIS 
were  asked  to  present  their  comments  either  in  writing  or  verbally. 

The  significant  issues  discussed  were  as  follows: 

0  Site  selection  process 
0  Housing 
0  School s 
0  Economy 
0  Site  boundaries 
0  Radiation  hazards 
0  Radio  frequency  interference 
0  Conflicts  with  VLA  project 
0  Light  pollution 
0  Employment  opportunities 
0  Water  supply 
0  Bighorn  sheep 

2.  Public  Meeting,  Alamogordo,  NM  -  21  October  1986 

The  Alamogordo  Public  Meeting  was  held  at  the  Alamogordo  High  School 
cafeteria,  103  Cuba  Avenue,  between  7:30  PM  and  8:25  PM.  There  were  84 
persons  in  attendance.  The  same  format  was  followed  as  in  the  previous 
meeting. 
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The  significant  issues  and  concerns  discussed  were  as  follows: 

0  Water  supply 

0  Water  quality 

0  Wildlife 
0  Power  production 
0  Socioeconomic  considerations 

0  Mission  conflicts  with  other  programs 

0  Archeology 

0  Orogrande  as  a  preferred  site 

3.  Public  Meeting,  Las  Cruces,  NM  -  22  October  1986 

The  Public  Meeting  at  Las  Cruces  was  held  at  the  Best  Western  Motel,  901 
Avenida  de  Mesilla,  between  7:30  PM  and  8:25  PM.  A  total  of  117  persons 
attended  the  meeting.  After  the  introduction  and  presentation  of  the  proposed 
GBFEL-TIE  project,  the  meeting  was  opened  to  the  public  for  written  or  verbal 
statements. 

The  significant  issues  and  concerns  discussed  were  as  follows: 

0  Cultural  resources 

0  Preference  of  "no  action" 

0  Air  quality 

0  North  of  NASA  as  a  preferred  site 
0  Light  pollution 

0  Socioeconomic  considerations 

0  Railroads 

0  Electrical  supply  . 

6  Air  space  restrictions 

0  Nuclear  strike  by  the  USSR 

0  Water  supply 

4.  Public  Meeting,  El  Paso,  TX  -  23  October  1986 

Ninety-four  persons  attended  the  Public  Meeting  held  in  El  Paso,  Texas  at  the 
Airport  Hilton,  2027  Airway.  The  meeting  was  held  between  7:30  PM  and  8:55 
PM.  The  same  format  was  used  as  in  the  previous  meetings. 

The  significant  topics  discussed  included: 

0  Laser  safety 

0  Electrical  interference 

0  Ecology 

0  Radioactivity 

0  Water  supply 

0  Wildlife 

0  Socioeconomic  considerations 

0  Lack  of  identification  of  a  preferred  site 
0  Cultural  resources 

0  Preference  of  "no  action" 

0  Nuclear  strike  by  the  USSR 

0  Laser  operations 

0  Nuclear  powered  laser 

0  Endangered  plants 

0  Air  space  restrictions 

0  Highway  restrictions 
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D.  Responses  to  Comments 

Comments  from  each  person  that  made  an  oral  statement  were  excerpted  and  are 
presented,  in  sequential  order,  on  the  following  pages.  Responses  to  each 
comment  are  presented  adjacent  to  each  comment. 

As  mentioned  previously,  written  comments  which  were  received  or  postmarked  by 
21  November  1986  were  reviewed  and  addressed.  These  letters  are  presented  on 
the  pages  following  the  oral  comments.  Responses  for  each  comment  contained 
in  each  letter  (i.e.,  written  statement)  are  presented  adjacent  to  the  letter. 
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0-16.12  We  strongly  urge  that  the  integrity  of  this  Instrument  These  potential  conflicts  and  effects  Mere  taken 

be  given  highest  priority  in  your  thinking  on  the  into  consideration  during  the  selection  of  the 

question  of  siting.  preferred  alternative,  along  with  several  other 

socioeconomic,  physical,  and  environmental 
parameters. 
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Michael  Olguin  0-20.1  Five  years  from  now  we* 11  be  facing  the  type  of  things  This  consideration  is  addressed  In  the  FEIS 

State  Representative  that  happen  in  Silver  City,  Involving  New  Mexico  that  (pp.  lV-30  through  lV-32). 

Socorro  and  Valencia  we  have  numerous  homes  here,  we  have  vacant  buildings. 

Counties  I  think  that's  the  kind  of  concern  we  need  to  look  at 

as  community  viewers  here  in  Socorro. 
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0-32.4  Ue  were  Indeed  very  glad  to  see  that  you  had  on  the  Thank  you  for  your  conment 

first  cut,  eliminated  the  potential  of  nuclear 
generation  for  standby  which  Pm  sure  would  be 
uneconomical  anyway. 
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Keith  Burn  0*40.1  Ue  cion*t  really  believe  that  the  presence  of  a  A  contract  has  recently  been  awarded  by  the 

significant  archeological  site  at  North  of  NASA  should  do  U.S.  Army  Corps  of  Engineers  for  professional 

anything  to  discredit  the  site  because  we  have  the  services  needed  to  insure  compliance  with  laws 

means  right  here  in  las  Cruces  to  be  able  to  deal  with  relating  to  cultural  resources, 

them. 
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0-66*6  As  a  mitigation  measure,  I  suggest  that  If  theVe  is  a  Water  catchment  systems  have  been  Incorporated 

drought  of  seeps  and  springs  that  some  other  as  part  of  the  mitigation  plan  (please  see  pp.  V-2 

catchment  system  of  piping  water  up  to  areas  for  and  V-3  of  the  FEIS)* 

wildlife  be  Implemented. 
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figurt  1:  Local  Son  rxp  shoicing  the  location  of  Orograndc  ninSng  District 
Orogrande  C8FCL*TIC  site,  and  railroad  access  corricors. 
HodSfied  from  Draft  CIS. 


o 

o 


I 


I 

i 

i 


i 

r 


VI-47 


I  W  •  M. 

O  Ml  mm  e 

•  •  u  -Q  M  «  ^ 

Qi  o  a  e  Ml  c  0 
mm  9  «  e 

I  S.S  45  *  2  =  5 
.S8'^-S«2 

w  vp  e  — 

O  —  —  —  m—>  • 

—  «  «  Ml  j:  m  > 

•  W  O  9  MM  w  M 

S|:~““83S 

M  O  •  «  ^  —  U 

..(£2w-^?S' 

X  &  &  •  9>>«  Ml 

m  a  a  *9  — 
w  •  «  a  X  c  XI  p 
o  •  e  o  u  •  S< 

w‘*<*««5£w 

$5h23  .  gwi 

—  «Mp«  *’95o^ 

••  M>  (V  ••  MM  O 

^  T  ^  •  O  >  H 'm  m 
ewo«-»  OOP'OI 

*:;.S5  .u%5.s 
^■s-ej  j-.,  •] 
8..S  .*5*52. 

^£  =  £2w2-c*‘ 

O^—  WOO  —  •• 

-^-5  §  &;t 

«  WWO<«M  X- 
O  *0 

C— '-•wp.oi  c 

3«l*  •A«WN<t  « 
oeo‘o-o>oiow  <11 
e  e  X  •  Ml  » 

e  o  e  w.  o  «f  Ti 

wxo  MOowa 

i«  e  V  3  X  9  e 

fnr 

«— '0-»  OXW. 

g:£:2  •  "  n  S5'g  s 
5*.-;^52  g*S-  i 
g-' 

•^MIMIMM  {-W3 

5  I  w  8  5  5  - 

•  S^8.if2«g«  J 

.  *5  .  ••  u  c  •  Ml  X  1 


•  *  w  «  a 

M  o  y  a  M  «  I. 
P  tM  «  K  u  X  • 

I  w  J8  •  Ax*  5 

^  3x*  i  s  s- 

w  «  V  OI  M 

Ml  M  ?  XI  S  «  W 

r 

8-  82  ,  miA 

883x,f  • 


=  888-^8"' 

8  g  8  «w  —  e  *9 

88.S®i:.§- 

_  P  U  •  *M  « 

f 

e  w ..  .8  .  o  g 

—  •  >  —  o 

•  —  *  •  »  o  c 

••  X  IM  w  •■• 

5  *.=  ^24  • 

ft  .J-8  o 

P  O  V  «  •-  w 

X  M  M  •-  T>  Ml  » 

«  Ml  »  C  C  3 

>  o  ^  O  cr  - 

«  »  —  X  w  «i  Ml 

X  >•  M  ^  (3  Ml  e 
**  t  «  -  P  9  -  o 


•2  *>  c  c  5  *5  '•  8 
w « «  g  «  *8  ® 
2  gw  g  ••  8  g  ? 
—  o  p  "O  X  w  •- 

*  c*«-*2“’8‘2 
—  e  iM  ^  •  w  ■ 

M  ••  W  •«  W  M 

irziui 


VI-49 


0) 

I 

1 

d 
d 

(Dn 

CO  i  f 

0  ‘ 

Ei 

o 

CO 


Si g &£»*«• 

g^  SS°k£  SSSu  32- 

St  -Isl?  -  §S«S  £, 
la  Sill'S  “Ss®  “1 

il  -Ills  ti^i  n 

3  «  «9  M  « 

e*-  ^v2S®32 


w 


S  5>.6*3«5-  uq.5^-s« 

c  l^cr^p  islsss 

E  S>«a92oi: 

‘  flf*^S!^M|l3l 

5  5i?i-5l6l5iS^2f 

aS5 ll 


ftf  •  C  O  C  M  '•«! 
„  4.*  -  >  O  I'  .  Wl 


U  »rJ 
**  <TI 
.51 


I  <3  . 

Ui  u 


..  » 

o 


it 

■o 

c 

« 

i. 

(D 


.  «3  a. 

e  « 

H  It 

D  fl*  O  •-<  «> 

3  W  L  'O  • 

U  •  6  r«  13  >1 

«8  4>  (t  C  .Jl 

•t  •  (h  4  0.1 

■  J  Ml  o  .-«  0,1 
Ml  C  <•»►.■*  Z3I 

4^0  0  '♦•  ini 

i:  n  •  u  o 

Jl  .-.  .  4  «  oi 


o  • 

>  t.*.' 

u 

9 

10  -»'  • 
0  w  .>• 
flC  *  \- 

r 

•  a  u 

4J  <(•  r: 
V  .  .  O 

3  nr  •.' 


I 

z 

i 

w 

d 


•  1  .  ^ 

(L 

Pf  X  V  Xi 

tH 

COI-I 

i&  III 

.»4 

9 

•  c 

\.  Mi  fs  9  C 

44 

c 

>4-  III 

f4 

•  >  0 

0 

<9  44  <• 

*5 

-4  UH 

44  Ij 

*1 

l.'l 

1.  -Pt 

i*. 

>  rs  9  44 

1; 

U  .Jl 

C  'I- 

in 

•M  .1* 

.•J 

U  *«  6  HI 

9  tVO 

9  ♦>  1) 

n 

0 

J  U 

9  9  9  9  •*< 

9  <ii 

£  3 

3 

44 

0 

4J  -*  .4  -0 

u 

a  Cl  N 

•  >  ii 

il> 

tU  *0  13 

k. 

U  UJI 

9  L 

9 

.„  .1  +i 

,  « 

5  £  91  9 

li 

Al 

.-1  \  9 

f5 

M  in 

U  *>  s 

>4 

•  ni 

lU  vt  ii 

li 

•j.*  C 

.*  »)i  -ij  V. 

lit 

J,: 

9 

0 

M 

*♦.  C  ^  0 

•0  .'1 

»*•  3C  1. 

■I' 

19  U 

• 

0  J  a 

•► 

>^ii 

0  U  U. 

)5 

»3 

1 J  C 

>7  c 

0 

•i 

1. 

r 

sj*  ** 

u  •*•  9 

2  (lit 

j:  I  .  « 

1* 

9 

» «  -J 

.  -  U  Ml  -4 

Id 

1  »-l 

44  •_  9 

.  •  V  ll 

> 

*4  «  3  d 

U 

*♦»  »4| 

\.  »!j 

9 

i.H 

•i.  n 

. 

H-  44  44  9 

i: 

0  Lit 

0  1. 

44 

i; 

*•«  yi 

*  m 

•4  W  «-4 

•n 

1 

7  0  9 

-4 

.« 

-  tD  3 

f;  .n 

9  3-- 

44  44  lUI 

-  a: 

Ml 

-  « 

:!  C  0 

1 )  n 

V.  «  *^11  9 

C  .XI 

9  iT  1* 

'•  £, 

\ 

ic 

U  I.  9  > 

■*4 

c  - 

9 

9  U  0  0  9 

XI 

0  ttl  9 

j: 

.< 

Ml 

^  111 

9  Ml  i;c 

W  OI 

9  r 

:  •  tit 

V  V 

O  5 

9 

t-l 

6  ..•  <T 

• 

.5  il 

O  O  9  C  0 

•H 

0  <0 

*4 

>0 

>  I  9  C 

,:1  3 

r4  o  9  C 

UI-I  Zl 

Ml  «*•  -Ci. 

9 

LI 

;  0  1.1 

lO 

nt .'  9  6 

c 

9  •“•» 

?'l  .*. 

C 

9 

■•  >4  3 

(9 

•«  P-*  9 

«TI 

E 

44 

•U 

'Jl 

►*  4J 

H.  >  j:  0  -4 

-• 

01  El 

0  V  *4 

OJ 

•0 

.1  sr 

l'’!k 

•-I  w 


s 

•t  >ti 

9 

V.  0  -t  U^I  .1 

*► 

0 

i* 

O 

bl 

1'  , 

-4 

44  V.  C 

9  t-t  c  tiitini 

r 

9 

XI 

9 

»;- 

W>  (t 

9 

9  0  0 

44  ,4  HI  >1 

10 

11 

44 

9 

C 

I) 

ill 

•J  M 

44 

E  44 

9  9  <Et  <Xt 

44 

0 

is 

•4 

9 

f 

O 

44 

sr  ••* 

0 

9  £ 

2  •  44  31  ni 

£ 

a 

>4 

'.V 

9 

III 

44 

K  3  44 

O  £  ^ 

a* 

fi 

..  .* 

• 

vi 

u 

'1- 

h 

0  l- 

44  T'  0  s  IC1 

•¥» 

'( 

u 

o 

.  t 

ill 

0  !» 

9 

L  0 

9  <1 IM 

w 

'  b 

in 

c 

■n 

t  i; 

a  9  z 

£  >  U 

4.‘ 

— • 

c 

t* 

|4 

•1  1* 

H 

a  44 

44  .S  9  >t 

1. 

k 

9 

V. 

9 

.«  9 

X  *4  <tu 

9 

<11 

It 

•* 

L. 

>  0 

111  u 

i3>  9 

Ml  M.  lUt 

44 

1. 

■ 

tv 

L 

a 

••• 

C  C 

C  Is  <C  Ull  HI 

9 

•J  • 

9 

0 

f‘ 

9 

a 

a  40 

9  Q  •*« 

9  0  Mill 

2 

.c 

u 

|4 

IC 

<r 

3 

5^1 

9  w  <xiz:i 

6  IIM 

9 

M 

U 

2 

.  1 

VI 

ft  • 

9 

01 

L 

9 

.  V. 

»4 

•  XI 

c 

9 

0 

9 

•t 

Ml 

j. 

9 

ttf  Ilf 

9 

1  W 

lit  13  9  ZIOI 

.*4 

|4 

0 

i. 

C 

»i 

:< 

-«  9  44  aiixi- 

10 

9 

L 

IM 

44 

*•4  <•» 

• 

£  0  p*  uiai 

9 

1*. 

• 

3 

a 

1. 

>  9  C 

H  iC  9  0.1 

£ 

•0 

w 

,> 

44 

L 

•fl 

9 

-4-40 

UJI<Ci 

u 

O 

-4 

Ul 

v» 

,  . 

13 

.4  9 

-4 

44  i>  -4 

•-•  HI 

w 

14 

w4 

.- 

n 

\- 

*4 

J 

9 

C  9  9 

i:  Q  ITIZI 

3 

.» 

9 

•I 

II 

VI 

.  « 

U»  9  C 

.  9  10  lOli-l 

a 

\. 

, 

'.t 

•  • 

.»  «!• 

C 

Ml  -«  9 

9  Ir  ZIXI 

<v 

■il 

r 

Vi 

s 

)  ‘  ■ 

3 

9  9  44 

a<-t  9  GIM 

■Jl 

0 

,1 

.  4 

).  t 

L  >  :< 

•4  15  .C  Olp-il 

>* 

*v 

9 

;  1 

• 

V 

II. 

:*  it 

.*.9  0 

a  T  44  £i  31 

A 

S 

•■ 

I: 


VI-52 


VI-53 


larger.  Whether  more  effort  would  be  required  to  mitigate 


Most  advanced  archaelogical 
research  lab  opens  at  NMSU 


I 

1 

1 

1 

1 


VI-56 


'it 


1^  a 
o 


ft  U  « 

2  9  9  C 

0  ft. 

c  0 

£  3 

9  £  C  9 

44  C 

d 

4*  0 

Z  V  0  9 

c 

0 

0 

>•£ 

u 

«  c 

4i 

C 

■e 

C  0 

£  0 

Q  9  ft 

C  ft 

0 

4«  44  4i 

C 

ft  c 

O  V 

a 

9  •«  0  O 

0 

c 

u 

2-9 

4<  O  44  ft 

t  :2 

«*•  9) 

ft  ^ 

ft  ft  £ 

2 

0 

ft  3 

4>'  9  44 

01 

C  9 

ft  U  C 

>  3 

C 

0  ft  £ 

9  ^ 

m 

0 

«  > 

9  C  U  9 

£ 

■ 

e 

44  V 

£'-'•■«£ 

3’  -t 

> 

W  £ 

ft  ^ 

44  a44 

3  (A 

•t  V 

-«*  9  3 

a 

C  C 

— 

0* 

4«  €  0 

V  ft  9 

L  ?. 

5 

01  *♦. 

0  9  £ 

3  * 

C 

q 

0 

O*  1.  ft 

ft  9  9 

£  *> 

Of 

9  w 

^  U  ft 

4:  3 

T1  9 

C  X  41 

>n  c  f 

«• 

> 

9  U 

44  4«  3  9  • 

c  r 

f- 

Oi  .« 

C  9 

eft  9 

c 

>  V 

•4  *♦• 

Z  ft  44  u 

9  i: 

-*  L 

4^  »4> 

G  0  ft  C 

€  3 

Kf 

4*  C 

0  0  9 

u  a  ft 

c 

«  a 

9 

ft  >.-4 

\  ” 

•5 

«•  a 

C  ft  0 

ft  >•  ft  C  9 

1 

9  3 

.4  «*  44 

C  ft  2  ft 

-  3» 

ft  c 

<12  S  > 

u  1 

7  * 

44  44  -• 

44  L 

<I  • 

9  9*^ 

w  u 

ft  >  ^  0 

5  - 

U) 

^  u  a 

9  9  44 

CL  44  ft 

•I 

*»  tn 

u  -.  «• 

0  9  ft  W 

ir 

z 

Ol 

ft  0 

O  >  -£  3 

U  w 

W  9  L 

ft  W  0> 

9  ft  44  u 

C  3 

f. 

^33 

a  c 

9 

c  - 

2 

> 

•  C  44  ft 

C  **r 

-«  £  V 

ft  ^  ft 

•i  ^ 

£ 

Gl  C  3  . 

,  V  u 

9  ft  9  V 

C  i 

<«» 

ft  L  3 

U  3  L 

C  3 

9  41  .• 

9  ft  a 

3  C  9  ft  C 

u‘ 

s 

£  Jl 

9 

L  >£  0 

2 

„ 

^  3 

U  ft 

0 

>. 

S  X) 

3  C 

41  ft  C 

4  M 

■> 

1.  H 

U 

ft  L  C  -  9 

•i^ 

0  u 

ft 

ft  0  0  £  > 

3 

3 

•  - 

ft 

J  a  44  4. 

3  C 

Z 

1.  3 

2  ft  >. 

a  >  9 

0  - 

J? 

u 

^  9  ^ 

-.4  ft 

3  O 

>  > 

c 

«  >  9 

£  ^ 

•>  ft  3  £  L 

£ 

1  9  •«• 

44  44  9 

C  44  44  0 

3 

a  2  9 

•t  o 

0  -  ft  •- 

3 

01 

01  0  w 

-  ^  2  - 

O-  9 

c 

£ 

44 

C  i  o 

ft  Z 

0 

V  9 

-  ft 

^  2  y  9 

L  ^ 

•• 

0  > 

>.£  . 

• 

“■  ^  -s 

3 

w 

0 

C  3 

44  4J  >  E 

0  ^  ft  0 

0 

u 

u 

C  >•  £ 

44  L 

3 

0  £  4«  0 

L  9 

> 

u; 

<0  JJ  t 

C  44 

€ 

>  U  4*  ^  ^ 

3 

.4 

V. 

U  3 

3  C 

2  «•  ft  j  L 

9  3 

c 

‘i 

■% 

3  9 

U  CD  3 

C 

X  ft  6  9 

C 

3 

If 

9  tf)  8 

«« 

C  9  9  ft  > 

z 

0 

tr 

Zi 

.-  u  2 

r  U 

s 

•-  Z  »►  '4  0 

U 

'■t 


•j  ' 

\ 


VI-58 


MIPT  »  IVtfLY 


«  *3 

0*0 

01  w>  <0  e 
(A  «  u  o 

CL  at 


4^  C 

^  to  (U 

<A  </)  Ut 

o  e  u 
01  u  o  o 
•o  3  ■♦-  > 
e  k  -M  *o 

•OW  3  <9 

k  4a 
cn  w»  v» 
o  «o  u  c  o 
k  -J  *4  «o  u 

O  ut  k 

e  0)  3 

01  *4-  *0  4^  o 
JZ  <o  </l 

M  O  Wl  O  0) 

>f-  •»«  k 
k-  4:  4^ 

g  ^ 

4J  *o  E 

«*“  **0  o 

4;  3  O  ^  C 

4J  g-o  3  o 
3C  k  g  u 
0)  o  s  0; 
k  o  O)  o 

O  •p» 
a  E  k  u 
t/t  o  «o  0)  o 

C  O'—  ^ 

o  a.<  k 

g  v> 

4J  «  O  S  - 

u  £  4^  o 

^  4J  L-  "O 

^  e  o  k 

k  e  *0  4^  « 
3  «0*0  C  ^ 
O  E  <0—  «C 


N  .  4-  P 
?  ^  Na; 


a?* 

§^§3 

2oS 


r  ^  y 
N  r  ^ 


5:  i 


,ii  0. 

K  », 


^  S  X  » 

II  ^ 


•>  'C  tJ 
^  ^ 

4  i 


i  -  ^ 


I  *>  >.  V 

V  V  ^ 

i  ^ 

V  ';«.  V  ^ 


.»  ! 

f  ^ 

X  ^ 

^  .f 

^  j 

s  "a 

^  >- 

0  ■-  -"n 

V,  \  ^ 

^  s  S 


s  N'< 

s'  S  t 

1'^  ^ 

•c:  ^ 

'• .  •''■  ^ 

j  N 

L  V.  s  . 


^  -S  T 

4  '  < 

V  4  *  U 


•f  >  .  J 

J  ^  \ 

<  'W  ? 

<  '.  J  -Y 

w  T  - 

^  k  ?"  **  VJ 

<K  .  s  S  O 

^  i.  'H 

i 

1  ^  S  ''  H 

[:!  V 


VI-59 


Nov«mb«r  7,  1966 


^  o 

5  S 

?  ? 
ui  n 
o 

O  U  41 

IS 

•  - 
a**  o 
w  •  o  K 
Q  Mn  }-  CC 
U  Q  N  I 
^  «•  -J 
>^i:  £  0. 

e  **  X  4t  \L 

«  I  a  I  S 

.  o  •  a  H 

3tL  <L  IL  « 


a>  e 

>  « 

e  ’<^00 
o>  u 


^  oi 
O  3 
(/»  U  O 


f—  «t  4-* 

3  <n 
(/*  v  t 


C  "3 

W  UJ 

u  a;  iju 
a»  3  >» 

O  3  ^  « 
C  Q-jC 

o  u  a*-> 

u  e  3 

M- 

I/)  o 

c  3 

o  c  >ro 

I 


h-  L.  «H» 


•  3 

C  C 


%  4J 

*: 

6 


0 

£ 


(0 


S 


tl. 


44  •  e 

L  • 

>  u  *• 

a  > 

t|“ 

•  ^44 

0^0 

44  a 

o  a 

«  N  3 

•  u  « 
u  i 

i.  t  • 

St** 

6  ^ 


44  >.  O 
^  H- 

«  a 

«  D.  * 
£  3  > 

»  -4 

a 

•  o  a 

U  44  3 

c  tt 

«  • 

•  ^ 
o  •  u 

b  «  L 

44  3  0 

m 

5  ^  ; 

i; 

(0  <  t) 

OtlJ  c 

^  §ss 

:  n 


I  m 

:c  £ 

0  44 

u 

a  . 
a  1^ 

«  o 


g  . 

<X  44 

z  «  . 

<• 

H>  U 

°o 

£ 

44 

if 

•  9 

44  *4 

•«4  Z 

« 

3  O 

« 

0  'J; 

&“ 

L 

a  - 

3 

m  m 

£  O 

44  dC 

«  C 

44  « 

^■s 

a  o 
az 

3 

«  C 

o 

•  £ 

U  44 

-s 


••  I 

•  L 
U  0 

s: 

^oc 

•  0 

O  44 

“5 

k* 

44  44 


0  •  c  y  c 

L  44  ,4  >  O 

0  0  0. 

6  0 

0  0  O  i 

’hiS  S 

4  44 

4  0  0^ 

1  0 

0  O  4  •«. 
44  o  ^  O 
£  O  0  U 


0 

0  3 
^  C 

4 

fi  ^ 

♦  *► 
^  Q 

X  0» 

^  c 

0  -*4 


4 

c 

9  ^ 

0 

0 

0 

3 

4 

-  1. 

u 

£ 

U 

0  0  0 

c 

X 

U 

0 

a 

0  44 

4 

0 

44 

0 

>  N  0 

44 

L 

4 

L 

4  6 

0 

a  3 

9lll 

0 

0  4  4 

■0t 

a 

c 

C 

44 

.•4  ••4 

3 

4 

4 

0 

0 

4 

3  3 

0 

£ 

Z 

£  0 

4 

*•» 

c 

44 

u  44 1 

0 

0 

•-  0  £ 

C 

>. 

e 

3 

»► 

£  »- 

0 

0 

4 

0 

C 

0 

z  a  9 

u 

z 

i. 

4 

0  c 

c 

t 

0  - 

0 

4 

ik 


»  u  0  ^  44  o 

f  •  3  £  0  I 

.  44  44  4  •4  44 


•-  0 

£  44 

•4-  0 

3  £ 

c 

0  0 

4  4 

0  3 

9 

44 

c  u 

^  Z 

c  0  •n3 

4 

4  - 

0 

4  3 

^  ^  ^ 

4 

> 

1. 

3 

a  L 

4  0 

4  0  0 

g 

4 

9 

3 

X  u 

>  U 

4  0 

dC 

C  ^ 

c 

0 

4  4 

0 

Z 

0 

0  0  4 

C 

0 

>  4 

0  4 

0  1. 

-  0 

4 

c 

4 

3 

U  J 

—  3 

(  4  K>  0 

0 

0  9 

c 

3 

0 

4 

0 

—  C 

4 

44  0 

z 

0 

•— 

•— 

0  3  0 

i.  i. 

0  - 

z 

•*  c 

C  0  U 

0  0 

0 

L 

0  - 

4 

0  .X  <«•  0 

44  > 

^  44  k. 

c 

0 

t**  4 

H  C  V.  >3  U 

4  •- 

4  4  0 

0 

44 

44 

0 

0  44  44  4  - 

3  Z 

44  0  44 

n  M 

4 

V 

4 

> 

4  944 

c  5  k  -  -  _ 

0  0aC*^33a3-4C 

“  “•►4cau-4  0 

,^,3O4304U 
tfUAdCJumeiii 


LL»-i«*>L<»4  06 

0  0  P  L  I.  0 


tJJiiS* 

3  Z  <t  U  i 


•  0  *• 

0  0  0 

^::S 

i*: 

44  0 
4  to  1. 

0  C 

44 

4  f<4  Z 
9  0  0 
C  44  ^ 

000 

C  H 


4auoiiiiL(0Z*^n^ 


44  X  3  44  z 

o  L  44  1. 

4  k.  O  4  t  * 

a  0  z  £  0  44 

0  a44  44 

4  4  4  £  « 

£  9  9  0' 

C  C  C 

9  0-“ 


9  0-4 
C  0  C  0 

-see 


L 

a 


•  £  4  — 

0  C  H  00 
0  ^  O  £  (0 

44  44  £  - 
4  C  4  0  C  0 

9  0  ^  C  •  4  £ 

C  0  -  0  0  C  44 

-  0  4  V  O.  ^ 

i.  >  X  -  00 

o.  4  0  a  z  44 


s 

m 

I 

I 

I 


3 

3 


S 

u 


1 


VI-60, 


VI-61 


Cont 


p»rsonn«l ,  ar«a  businass  laadars,  including  construction  coapanias,  banking 
institutions,  raaltors,  ratal  1  marchants,  and  nuaarous  sarvica  organiza-- 
tions-Amarican  Lag ion,  VFW,  Lions  Club,  Kiwanas  Club-hava  voicad  thair 
support  and  approval  for  tha  construction  of  tha  SDI  installation  in  this 


VI-63 


9* 


w 

A 

€ 

I 


\ 


C 

Ul 

»*■  U 

a  -*« 
i.  u 

•  «  V 

9  a  « 
c  ^  o 

5^r 

>>4« 

u  u  o 

^  «  3 


O  3  IL 


8 

^  52 

S  ? 

C  r4 

•♦•  o 

-•# 

4) 
N 


f§’ 

iSr 

^Sh 

“SI 

C  •  -M 
4i  O  L 

4i  •  0 

<t(L\l, 


8  } 


>s. 
^  0 


*»  *» 
<l.fl 
**  L  • 
“ 

4»  *»  O' 

S£- 

a  w 

«  >  • 

"II 

'<•  0  4i 

||J 

8-0 

ikS 

>  «  X 

£22 


C  1 

zs 


8. 
•  9 


^8 

•  •  U  •  • 

«  13  C  £  a 

3  •  H 

«  a.  o 

U  «  >»  O' 

•  «i«  •  0 

4«  >  •  «  «  « 

<«  e  a  c  •  • 

£  k  <•  0  U  U 
«  3  U  C  k 
9  0  3 

(A  0  •  ^  3  O 
»-•  £  D  «  O’  « 

Ul  V  H  ^  • 

a  0  0 

<M  V  .  .  w 

<•  C  U 
k  «  C  0  k 
O  M  O  k  •  0 
•««  «  V 

•  Ol4<  >  O  « 

5g285S 

U  9  O  O 

0  _  •  £  0  £ 
Mi,  *t  ** 

•  44  e 

44  9a  •  0  £ 

a«i_  9  «  2  9 


u: 


£  Ul  e 

E  ai  z  0  9  c 

a  E 

E  El  E  0.14  a  14 

E  oc 

044  0  a  E  4C 

0  E 

4^  14|  k  14  C  E 

a  k  E 

ti  E  Q.  S  k  a 

U.  44 

'I  C  14  E  k 

E  14 

E  a  a  a  u  E 

a  a  E 

Q  E  14  E  c  a 

CEE 

Z  E  U  E  0  C 

E  E  14 

a  E  14  C  0  U  3 

B  E  C 

44  0  (L 

B  a 

c  a  ai4  0  E  a 

u  a  a 


sr  8‘’s 

S3k.lir8 

u  o  a  £  44  ^  k 


I 


S  8  e  t  > 
.  Q  aa 

«i  a  44  •«« 

3  ^  «  44  o  a 

«  U  U  44  o 

S  <•  C  Q  «  C  44 

>  O  «  U 

•  a  44  c  o 

•  •<«€•«» 
O  0  £  £  0  *4. 

44  k  44  44  U  0 


a 

4-1 

U-  •  U 

«  a  u  « 

k  <  ^  wi 
OJ  »/>  >» 

a  £  « 

a*4  ^44 

04  e  a 
k  C  V«^  VI 
01  « 

4.1  ^  k  e 

O  01  «  o 

C  >  VI  u 

O) 

o  4-4  f  o  e 

a  «  *4  •*- 

e  *4  u 
k  •«-  VI  *« 

0)  04  VI  0) 

« 4-1  wa 

^  —  •  u 

•  «  4.4  O  VI 
CV  Ul  k  k 

o  a  •*-  a  o  • 

vn  o>  X  4.1  e 
^  k  oi<  u  o 
ae  k  QL  <o 

Lk  01  4.4  U4  Ik  a 

ki  k-  01  a;  VI 
O  01  >1  k  ^ 
V  k  OJ  01 

“*  o  ^  £  a 
g  «  ®  8 

o  k.  VI  o  a  c 
•«-  o  0)  cm 
44  o  m 
(O  e  a  o»  m 

<—  o  VI  •—  a 

a*»-  a44  m^ 
0144  u  a  4rf  a 
o>  «  e  o  e  e 
k  u  «  «  « 

_ k  01  E 

Ok-  01  a  e  £ 
U4  k.  4.1  o  ca 
u  4-1  Of  k  a 
e  k  o 
Of  0)  a  o  >  k 


U  8 


a 

Ul 

QC 

(T 

U 

U. 

1^ 

0. 

9 

Ss 

§ 

u 

>•4 

u. 

M 

u 

8! 

0! 


Oi 

I 

X 


•  8^ 
k  a  o 

«  «  z 

o  9I 

5co 

4458 

0  a  -M 

a  z  4 

008 

a  F4  p- 

u  a  > 
-  o  -x 

w  k  a 

u  a  « 


a  0 


c  •  <1 

•  u 

•M  k  a 
u  3  a 
^0-4 

k>  01  *4 
««>•••« 
Ska 
HI  c 

u  o 

o  a 

88'* 
a  0 

ana 
-x  a 
<1  £ 

k 

a  k>  0 

ilt 

**88 

c  a  a 

3  p- 
«  C  p4 
a  m 

m  p4 

a  •  c 

•  a 

£  c  N 
H  *•  a 
a  >44 

I! 


OI  *•  ^ 

e  01  Of 
<4-  01  C  VI  £  I 

^  c  4 

a  .c 


e  w'u  c 
o  44  e  ^ 


*4a 
>1  u 


o  44  e  ^  44  k 
oi-p-  o 
VI  a  I  r  ■ 

w-  i  •  : 

u  o  e  Of  4 
S  *4  o  •—  I 
a  JO  ' 


c  <0  o  >  —  ' 
•o  6k.  <0  a  j 
^  Of  e  k-  4 
<0  k*»-  VI  01 
^  Ok  met 


*0f  >(. 

A  Ofp 
k  ^  i 
o  Of  Of 


Of  Of  MB 

E  k  e 


4;  Of  « 
e  k 
o  a  44  o 


"cS 

e  o  Of 

Of-p-  44 
>44  Of 

u  a 

44  P-  OfOt 

a  01  Of  •—  Of 

k4  O  k  £  VI  Of  k 

c  »  o  44  .p.  VI  a 

S  44  ^Of  L 
4-1  io  o  •< 

Of 

43  V)  k 


u  w  « 


a  Of  VI  j 
Of  u  44 

>  c  e 


I 

o  «  «  I 
VI  —  Of  1 
Ofk.  o 
.e  a  Of  u 
44  k 
o  Cl  u 
CO 

Of  Ul  Of  ^ 
O  3  VI  0> 


M  01  o 

.^44 


9 

c 


a  m 

3  a 
a  u 
•« 

a  £ 
u 

0  • 

£ 

6  a 

k  • 
•  C  9 

a  0  c 

6  «  a 
i  a  6 
c  a 
a  9  k 
6  i  tt 
c  •  a 
k  0  c 
6  u  3 
u 

Sa  a 
c  m 

u  «  x 
0 

a  z  a 

CEO 

E  -.4  k 

>  a 

a  k  E 

E  £ 


> 

k 

E 

a 

^8 


a  >>  u  o 

c  44  -  k 

E  E  a^o  •«> 

e  a 

E  0  3a 

•44  s  u  a  E  - 

^  E  as 
EEEE>EC  k 
>k>  U£E«>6 

^E44aca>a£ 
aaaEE  EEa 
EEEC9Ck0 
cackaoakE 
k  k  0  •x  a  44 
6  E  E  44  a  >> 
a  ^  a  c  E  E  a 

44  £  p4  ^  k  U  E 

E  H  E  E  -x  k 


SI'S 

8-. 
a  9a 
44  c  u 
•44  E 

EEs- 

■**3  0 
8  5  E 

-  -c 

U  k  k* 
O  Ik  O 

:3I 

Hi 

•k  E  9 
E  k  E 

k  a  C 

**“  E  a 
o  k  c 

CEE 


•p  aa 
E  •  E  a  a  a 

k  N  k  0  ^  c  ^ 

k  Q  k  a  E  E  E 
i  n  E  a  -« 

«4  Ik  U  Ik 

6  E  -x  0  a 

k  a  k  44  £  44 

aa  aa  e  u 
us  3  c  3  a 
E  ao  E  c 
O  E  44  E 
>«  E  a  a 
•k  0£C3- 
^  Ik  a  a  E  0  E 
a  0  a  £  c 
c  E  E  c  a  0 

6  a  E  E  •44  ..4  -<4 

a  c  u  3  z  a 
•M  E  C  E  E  C 
a  E  U  £  1  E 
0  c  k  ^  a 
44  -PA  E  0  44  C 

Ik  a  a  k  -pm 
E  a  E  3  5^ 
k  c  k  E  5  E  E 

3  E  >.4  a  44  E 

44  ^  E  U  0 

•X  a  E  a  £ 
E  -44  k  c  E  a 

«k  k  E  E  44  • 

.ii^ss's 

^  E  E  E  0  E  E 

c  £  E  a  a44  6 
^  a  3c  >.4  3  k 

a  E  6  9  0 
o  •k  C  E  E  E  Ik 
O  E  k  C 

>  c  e  >  44 

6  c  3  3  44  a 

0  44  E  E  E  44 

C  44  a  E  a  £  44 
44  a  E  k  E  a  E 
E  44  a  k  z 
.43  3  £ 

0  9E  u  a  a 
44  E  C  U  -X  0 

>  k  5  E  z  c 


it 

a  E 

.8 
>  k 

44  a 

E  CD 
E  44 

44  Ul 

E 

>£ 


E  e 

8- 
Ui  a 
c 

E 

O  k 

e  E 
E  £ 

£  C 
a  14 

8! 

a  3 

3  E 

o 

>•44 
44  u 

E  E 

>  14 

-  a 
a 

u  u 

E  14 


E  3 

a 

9 

c  «k  a 

14  O  E 

a  a 
C  a  k 
E  C  E 

B  E  > 
Baa 
O  C  3 
u  14  E 


O  44  E 

14  E  E  ^ 

a  c  E 

u  a  i4  -44 

E  E  44  ...  £  a 

•  E  a  c 
IE  k  E 


E  I  E 
E  E  3  £ 


E 

*  ”  ^  9 

«  a  c 
E  £  o  an  •- 
£  k*  k  '**'  E 
a  3  i4 
C  0  E  •  k 
E  14  E  E  c  a 
a  E  14  0  k 
3  a  k  a  14  3 

44  44  <44  kf  E 

U  3  U  44  E 

SE  14  14  U  £ 

E  k  a  O  a 

U  k  0  3  44  0 

a  a 
a  a  E  9  E 

mm 

01  >  a  E  k 
44  ^  a  a  k 

Ul  a  u  3  k  E 
E  E  E  E  Ik 
a  a  Ik  Z  E 
It.  o  Ik  9  O  k 
k  E  c  44  a 
a  14 
a  a  >  E 

E  U  44  £ 

E  k  E  3  44  a 
£  E  E  k  E 
a  >  .1  a  14  E 
E  a  E 
«k  E  E  C  C 

0  >  £  o  E  a 
•4  a  u  a  E 
I  a  E  14 
E  a  Ik  a  Ik 

C  C  0  3  14 

k  E  E  a 
•  E  a  c 
k  a  E  E  E  E 

9  0  a  a 
E  U  14 

B  a 

^  E  E  E  44  a 

E  a  a  £  3  0 
EC  age 

U  E  44  3 

k  E  a  E 
E  9a  E  —  E  • 
C  £  O  Z  9 

E  a  a  c 

6  E  C  14 

c  E  0  a 

«P  O  k  *14  k 

£  k  E  E  a  3 
a  14  E  a  E  a 
>  a  E  g  E 

Ik  c  a  o  0  10 
0  E  E  k  44  a 


E  k 
k  “ 

a 


E 

a 

E  . 

E  E 


44  E 

E 

3 


o 

88 

> 

Ul  E 


VI-64 


1 

i 


I 


0 

> 

4  U 

c 

4J  U 

L 

0  V 

4 

L 

4 

3 

.i4  4 

111 

V  c  ja 

4 

4 

4  4  L 

C 

L 

o  u 

4 

& 

c 

•i4 

4 

i. 

L 

•«# 

0 

>  ->4 

It 

0 

*i  C 

4  V. 

4 

ff 

J»  £ 

4 

U 

^40 

V  C 

V  H- 

4 

0  4 

V 

0 

0  V 

c  •*• 

£ 

a 

a 

C  H. 

c 

V 

4 

U 

i. 

4 

4 

3  V 

4 

2 

3  V  W 

4 

4  H 

c 

1. 

4 

4 

V 

u 

£ 

4  C 

<t 

V 

V 

<f 

4  H- 

4* 

M 

4  0 

>4>f 

c 

CUV 

4 

4 

a 

> 

Q 

u  c  a 

£ 

4  4  Tl 

( 

Tl 

a  c 

•44 

V 

C 

3 

9  0 

t  9  L 

c 

4 

• 

c 

3 

4 

C  0. 

'P« 

L  C 

3 

C 

C 

4 

u 

■*« 

V 

U  d  4 

0 

4  V 

4 

4 

0 

■*» 

C 

3 

0 

£ 

w 

«  « 

U 

4 

■o 

4  •** 

0  -4 

0 

0 

3 

4  V 

V 

»  V 

4 

C 

u 

4 

c  > 

c 

V 

V 

V  V 

V  »4 

V 

• 

4 

0 

• 

4 

4 

L 

C  A 

u 

V 

u 

£  U 

4 

> 

>  V  4 

4 

T> 

4 

0  4 

4 

4 

L 

w 

4 

4  i. 

V 

4 

n 

• 

• 

U 

**  >  C  3 

V  4 

C 

i  C 

> 

4  4 

0^4 

4 

• 

V  £ 

0 

4 

i  o> 

£  3 

4 

4 

C 

VI-65 


I 


1 


VI-66 


I 


a 


ils 

^  (U 
C  *J 

e  o  3  « 41 
a»  *0  ^  M 
$  fO  Al  3  41 

2  4)  U  «-*  U  4= 

H  **4  y  (0  44 
41  Q  ^  S  «M 

So3S^5 

liHlr- 

IlllfS 

S?|Sfi  . 

«  -*4  3  0)  is  ot 

a  ^  4>  *4  c 
<M  3  Q  44  ^ 

llaSiJg 

83oa®" 

«  ^  «  3  S 

3U  «  jC  41 
•*4  ik«  io  m  <u 

••  ‘f^  S  ^  iw  *3 

3’S5&°i 
g.c^  S  ^ 

lls|5|» 

n  ^  S  44  jg  c 

«  3  4f  U  CP  « 
b  tU  (B  44  <0  OT 
V9  U-^Q  up 

li|l|l& 

5  g>  f:?  gS5 

8*8  pS  b 

c  41  e  ig  44  **4  <*4 
o  g  ■<•4  >  44  jQ 

3  44  44  3  >*4  -*4 

tiillil 


s  ill 

8  0)  IM  <W  «  44 

Slijii  ^48*" 

.  >f®p  «  « 

b*-«  44  — 

>-«e:^b^c«4 
I  5  ,  S  «  n-:* 

1  b  ^  - 


9Ce4444<444 

P«*^£CVbb 

lllllisf 

•M  O  '*^  P  M 

f*>  9  «  a  b  c  « 

7y5sls."a 


^  y 
w  •» 

t 


:§§fi 


lls 


M  ^  ’S  -S  S  .U 

T  X  (4  O  44  4) 

M  44  (Q  «  94  «4 

M  H3tS^^<nX 
ir«p«ya6j5^--» 

Jpll 

k|1'^5  O^'S® 

&44  44  O  <2  «  _ 

8-§.3fi!S-SS 

sllisill 


.5 

a" 


"  »a 

<n  44  • 

fib  44 

:38  s  » 

8«5" 

0)44 
O  «44  fi  ig 
0>  O  b  44 

Hsjil 

cTS"'* 

5&53 

b  W  U 
3  44  -M 

Oi  ^  <g  44 

•*4  c  44  -4 

Ifli 

3  ■“ ««  X 

^^04* 

-3Sg 

sifs 


dS  3  o>  e  fi 

••4  H) 

O  44  ig 
^  ®  s  c 


VI-69 


VI-70 


«  4> 

m  §  % 

■  s 

p 

I 


I 

i 


0  e  V  «  ► 


>»  w 

53 

•is 

a  & 


i  si 

ib  iS  Q 


alll 

o  o.  * 


2  i 

a  X 
1*1 


O 

«  # 

2^-; 


2*5 

:|"a 

e  *i  5P 


•  Sb 

••  b 


U  w 


«  S  a  «  o.  • 

a  o  u  e  o  « 

*-•  •  M  - 


S  w  S.  • 

We  -Q 
2  '2  •  • 
i!  (C  3 

^j?P  > 

e 

*  •w  J  a 
^  i«  5 

stis 

w  J  2 

tSJ 

1185^ 


w  S  M 

•>fr 


•  a-S 


•  « 

w  ^ 


-  I  u 

“•ll 


8  8 
li 


>  o  .. 
(s  o 

M 


I*  It 
O  w 

W  N 

S'* 

2*  0 

3- 


s  8  g :  > 

a  •  2 


•  w 

HH 

i:ii 

o-w  * :: 


V  -S^  i 

5.  a  s  « 
•  flk  ® 

“i3! 

U  «u  « 
*-SoS 


ti 


O.^  M 

*•  t!  • 

3*  J 

jS3 

-|« 

'i;  ■« 

m  ’*• 
£;1 
3>g 

5:i 
i‘l 

**  *  s 
2  ^ 
a  5  *2  -w  ^  Q 

fc  g  ^  ®  ^  5  U 

u  X  a 

•  •  e 

f  - 


i*  c  #  H  b  w  • 

II  Jli 


•  ♦  X 

«  a  *; 

in 

2“. 

2=5 

i»s 

i-  . 

"s  8 


!  *3 

*  s 

‘3* 

3i8 

W  M  > 


3*5 

>1- 


v% 

“-!• 
o  2  ^ 

w  ■  <# 

Z 

>*  a  7  * 

HSi 


2  2® 


w  o 

55: 

4  «  w 
2  « 
*•  «  • 
w  w 

> 


rb 


.  «  X 
2  X  w 

•  w 


•  •  •  * 

'*«  X  •  2  ‘ 

"2  b  >*  a 


•  *2  - 

5^1 

*2 

2  u  ® 
®  = 


i"  I 

:  if  & 

SL-s 
>!•**« 
3  s33 
a'  - 

9  &  o  bt* 

«i8* 

S3*S 
o**-5 
-S8^ 

;5J5  - 

:si5- 


g .  • 

l55 


'll 


1.is35s.?1l 

S^®Wa  =  **^«  ttt** 


C  M  U 

2  e  b 

i  •H  « 

a  w  • 

113 


gg  - 

u  U 

,&g 

5Si 

■  •W  • 


>«  « 
•I  w  ‘ 

•  e 


1  *• 

-2 
2  W  5 


O  S 


W  O’  ■ 

*ls 


I^L 


“•8 

u 


il 

•w  ** 


b  a 


«r  A 

5  ** 

*4 


s 


2  *•  2 

r*  c  ^ 


M  •  Z 

•13 

72  - 

‘^S 

*  b*  a 
•O  ^ 
b.*J 

•  «  ki 

3“| 

8^1 

41*8 

X  •  -4 

3  J?! 
“  1‘3 

b  if  M  b 

*-:5 

•  2  ®  i 

^  f  :J: 

b  «  M 


gf 


s : 

?5 


1 

w 

s 

2 

> 


S'?  *2 

SI  5 


S2 

|i 

w  e 

>3 

b  W 

o  « 


:  ^  • 

- 

•  •  ’*• 
8;  J 
|l  f 


J 

!§ 

i! 

0  I 


’! 

2  ® 

i! 


VI-71 


Slkor*  (N.H.l.H.T.) 

SrsMk 

Vaadsn  lout 


o 


VI-74 


SUBJECT:  Ground  Basod  Fraa  Elactron  taaar  Tachnology  Integration 
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ionizing  rxdixtion  xre  kept  weli  within  state  and  federal  dosage  limits. 

The  DEIS  also  mentions  the  federal  Occupational  Safety  and  Health  Administration 
regulations  for  non-iodizing  radiation  (29  CFR  1910.97,  1926,S4and  1926.102).  The 
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eventual  need  to  rosolve  conflicct  wich  prog^ft  on  adjacent  tanda.  It  la  environmental  analysis,  as  Stated  in  the  FEIS 

believed  that  conflict  a  need  to  be  idenCifiad  and  addreaaed  at  thia  point 
in  time  rather  than  at  a  future  tiaie» 
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same  location.  We  object  to  nuclear  proliferation  in  space  as  wall  as  in  and  U. 

New  Mexico  whether  it  be  by  X«-Ray  laaers  powered  by  nuclear  explosion  or 
non-nuclear  lasers  powered  by  nuclear  reactors  in  space,  or  on  the  ground. 

Your  final  EIS  should  address  the  problem  if  stage  on  research  shows  that 
the  only  feasible  method  for  stage  two  research  is  to  employ  nuclear  energy. 
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in  order  to  use  tiering;  rather,  it  uses  programmatic  EISs  as 
an  example  for  when  tiering  could  be  used.  In  fact,  40  CFR 
1502.20  states  that  "Tiering  may  also  be  appropriate  for 
different  stages  of  actions." 
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W-47.2  The  most  cost  effective  alternative  water  supply  for  the  North 

oucaida  th«  Jornada  Baaln  ao  thars  la  tha  laaat  Inpacc '  ^5  identified  as  the  development  of  a  well  field 

on  produclna  walla  in  tha  baaln.  south  of  the  Jornada  Reserve  Headquarters.  However,  the  USASOC 
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ACRONYMS  &  ABBREVIATIONS 


Acronyms  and  Abbreviations 

ABM  -  anti-ballistic  missile 

ACGIH  -  American  Conference  of  Governmental  Industrial  Hygienists 

AFB  -  Air  Force  Base 

8LM  -  U.S.  Bureau  of  Land  Management 

bp  -  before  present 

BS-85  -  Borderstar  1985 

CFR  -  Code  of  Federal  Regulations 

COE  -  Corps  of  Engineers 

DEIS  -  Draft  Environmental  Impact  Statement 

DOO  -  Department  of  Defense 

EID  -  New  Mexico  Environmental  Improvement  Division 

EIS  -  Environmental  Impact  Statement 

EMI  -  electromagnetic  interference 

ENRO  -  WSMR  Environmental  and  National  Resources  Office 

ERA  -  U.S.  Environmental  Protection  Agency 

FAA  -  Federal  Aviation  Administration 

FEIS  -  Final  Environmental  Impact  Statement 

FEL  -  Free  Electron  Laser 

GBFEL-TIE  -  Ground  Based  Free  Electron  Laser  Technology  Integration  Equipment 
GLC  -  ground  level  concentrations 
gpd  -  gallons  per  day 
gpm  -  gallons  per  minute 

HELSTF  -  High  Energy  Laser  Site  Test  Facility 
ISCP  -  Installation  Spill  Contingency  Plan 
km  -  kilometers 

LLNL  -  Lawrence  Livermore  National  Laboratory 
m  -  meters 


MAF  -  million  acre  feet 


Acronyms  and  Abbreviations  (cont'd) 


MMD  -  mean  mixing  depth 

MOA  -  Memorandum  of  Agreement 

MOPA  -  Master  Oscillator/Power  Amplifier 

MVA  -  megavolt  amperes  (closely  approximates  megawatt) 

NASA  -  National  Aeronautics  and  Space  Administration 

NMGF  -  New  Mexico  Department  of  Game  and  Fish 

NR  -  WSMR  National  Range  Command 

NWPS  -  National  Wilderness  Preservation  System 

NWR  -  National  Wildlife  Refuge 

OSHA  -  Occupational  Safety  and  Health  Administration 
POEIS  -  Preliminary  Draft  Environmental  Impact  Statement 
POL  -  petroleum,  oils  and  lubricants 
ppm  -  parts  per  million 

PSD  -  Prevention  of  Significant  Deterioration 

RCRA  -  Resource  Conservation  and  Recovery  Act 

RFI  -  Radio  Frequency  Interference 

RFL  (RF  Linac)  -  Radio  Frequency  Linear  Accelerator 

ROW  -  Right-Of-Way;  pi.  Rights-of-Way 

SDI  -  Strategic  Defense  Initiative 

SHPO  -  State  Historic  Preservation  Officer 

SPCCP  -  Spill  Prevention  Control  and  Countermeasures  Plan 

SRC  -  Stallion  Range  Camp 

SRS  -  Stimulated  Raman  Scattering 

SSOP  -  Safety  Standard  Operating  Procedures 

tds  -  total  dissolved  solids 

ug/m3  -  micrograms  per  cubic  meter 

USAEHA  -  U.S.  Army  Environmental  Hygiene  Agency 


Acronyms  and  Abbreviations  (cont'd) 

USAF  -  U.S.  Air  Force 

USASDC  -  U.S.  Army  Strategic  Defense  Command 
USDA  -  U.S.  Department  of  Agriculture 

USDA-SCS  -  U.S.  Department  of  Agriculture  -  Soil  Conservation  Service 

USDI  -  U.S.  Department  of  the  Interior 

USFWS  -  United  States  Fish  and  Wildlife  Service 

WIT  -  Warhead  Impact  Target  Area 

WSA  -  Wilderness  Study  Area 

WSMR  -  White  Sands  Missile  Range 
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Abiotic  -  not  produced  by  or  as  a  result  of  life  or  living  processes 

Anode  -  the  positively  charged  lead  of  an  electrical  circuit 

Aquifer  -  an  underground  layer  of  relatively  porous  rock,  sand,  mineral 
containing  water 

Artifacts  -  any  object  made  by  human  work,  especially  those  of  earlier  man 

Atmospheric  turbulence  -  See  turbulence 

Azimuth  -  distance  (in  degrees)  in  a  clockwise  direction  from  the  north  point 

Basalt  -  lava 

Bifacial  -  flint  tools  that  are  worked  on  both  sides  to  produce  a  sharp  edge 

Bifacial  debris  -  residual  material  which  resulted  from  the  work  of  bifacial 
flint  tools 

Biotic  -  produced  by  or  as  a  result  of  life  or  living  processes 

Cathode  -  the  negatively  charged  lead  of  an  electrical  circuit 

Ceramics  -  objects  which  are  manufactured  or  related  to  clay,  earthenware, 
pottery 

Electrons  -  one  of  the  three  common  particles  of  the  atom.  It  is  the  smallest 
of  the  three  and  carries  a  negative  electrical  charge 

Faraday  cage  -  self  contained  room  with  walls  comprised  of  copper  screening; 
the  walls  intercept  radio  frequency  and  electromagnetic  waves  as  they 
are  generated 

FEL  -  acronym  for  free  electron  laser;  this  type  of  laser  uses  electrons  in  a 
strong  electromagnetic  Held  to  increase  the  light  beam  intensity 

Hectare  -  unit  of  surface  measure  in  metric  system,  equal  to  10,000  square 
meters  (1  hectare  =  2.47  acres) 

Herpetofauna  (Herpetiles)  -  reptiles  (lizards,  snakes)  and  amphibians  (toads, 
frogs) 

Hyperbolic  mirror  -  specially  designed,  convex  shaped  mirror  used  in 

conjunction  with  other  mirror  systems  to  direct  the  laser  beam  toward 
the  wiggler  or  power  amplifier 

Infrared  spectrum  -  invisible  light  waves  just  beyond  the  red  end  of  the 
visible  spectrum  and  includes  several  bands  or  groups  of  wavelengths 
such  as  radar,  x-ray  and  gamma 

Ionization  -  a  state  of  matter  characterized  by  free  electrically  charged 
particles 


Glossary  (cont'd) 


Kilometer  -  unit  of  length  in  metric  system,  equal  to  1,000  meters  (1 
kilometer  =  0.62  mile) 

Laser  -  acronym  for  light  amplification  by  stimulated  emission  of  radiation 

Megawatt  -  one  million  watts  or  about  1,300  horse  power 

MOPA  -  abbreviation  of  Master  Oscillator/Power  Amplifier;  this  is  a  technique 
which  uses  a  low  power  laser  (the  master  oscillator)  to  drive  a  high 
power  light  amplifier. 

Multicomponent  site  -  an  archeological/cultural  site  which  exhibits  more  than 
a  single  type  of  artifact,  usually  indicative  of  several  occupational 

sequences 

Optic  apertures  -  an  aperture  is  an  opening  through  which  light  passes;  a 
typical  optic  aperture  is  the  opening  in  the  end  of  a  telescope 

Parabolic  mirror  -  specially  designed  bowl-shaped  mirrors  used  in  conjunction 
with  other  mirror  systems  to  direct  the  laser  beam  toward  the  wiggler  or 
power  amplifier 

Playa  -  a  large  depression  which  creates  a  semi -permanent  or  intermittent  lake 
which  has  no  drainage  from  the  lake;  playas  usually  provide  valuable 
habitat  for  numerous  wildlife  species 

Porphyry  -  igneous  rock,  such  as  lava,  that  contains  large  distinct  crystals 

Prompt  radiation  -  radiation  which  occurs  during  an  event  such  as  while  an 
accelerator  is  running  but  which  stops  quickly 

Rad  -  a  dosage  of  absorbed  ionizing  radiation  usually  used  to  measure  amounts 
of  x-ray  radiation  received 

Rem  -  a  measure  of  dosage  of  ionizing  radiation  such  as  x-ray  or  gamma-ray 
radiation 

Sedimentary  -  rock  or  soil  formation  formed  by  deposition  of  sediments, 
usually  in  layers 

Seismicity  -  the  degree  to  which  a  region  is  subject  to  earthquakes 

Socioeconomic  -  dealing  with  the  social  and  economic  resources  of  an  area 

SRS  -  Stimulated  Raman  Scattering  is  a  non-linear  optical  phenomena  caused  by 
intense  light.  The  effect  causes  the  loss  of  energy  in  the  main  beam  by 
conversion  to  other  wavelengths 

Thermal  blooming  -  phenomenon  that  produces  the  shimmering  effect  observed  on 
hot  days  as  one  looks  across  an  asphalt  parking  lot;  produced  when  air 
becomes  heated  and  its  density  and,  consequently,  its  index  of 
refraction,  changes 

Topography  -  the  physical  features  and  characteristics  of  an  area 
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Turbulence  (atmospheric  turbulence)  -  phenomenon  which  produces  the  twinkling 
effect  of  stars;  caused  by  air  acting  as  a  moving  lens  which  alternately 
points  the  star  light  in  different  directions 

Uplink  -  the  process  where  a  light  beam  is  propagated  from  the  ground  to  a 

space  target,  while  the  beam  is  corrected  for  optical  aberrations  caused 
by  its  travel  through  air 

Water  hammer  -  the  sound  produced  in  waterpipes  or  other  vessels  when  high 
pressure  water  flow  is  shut  off  too  quickly 

Wiggler  -  the  part  of  the  PEL  which  controls  the  oscillation  behavior 

(wigglers)  of  the  free  electrons  which  in  turn  causes  the  energy  to 
produce  light. 

bp  -  before  present;  an  archeological  term  used  to  express  time 

Zenith  -  point  in  the  sky  directly  overhead 
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Air  Quality/Emissions:  II-3;  III-14,  III-23,  III-23;  IV-6,  IV-7,  IV-8, 

IV-39,  IV-41,  IV-42;  V-1,  VI-5 

Airspace:  1-18,  1-26,  1-27;  III-71,  III-72,  III-74;  IV-21,  IV-22,  IV-41, 
IV-42,  IV-48;  V-5;  VI-1,  Vl-2,  Vl-5 

Archeological /Cultural  Resources:  II-3,  11-23;  III-54,  III-55,  III-56; 

IV-1,  IV-5,  IV-21,  IV-24;  •V-3;  VI-3,  VI-5 

Atmospheric  turbulence:  1-4 

Bosque  del  Apache  National  Wildlife  Refuge:  III-23,  III-46,  III-53,  III-69; 
IV-7,  IV-21 

Drainage:  III-l,  III-33,  III-35,  III-39,  III-67;  IV-2,  IV-13,  IV-19;  V-1 
Evaporation  Ponds:  IV-42 

Eye  Hazards/Safety:  1-18,  1-19,  1-26;  III-30,  IV-42;  V-4,  V-6;  VI-2,  Vl-5 

Fire:  III-54,  III-55,  III-57,  III-67;  IV-1,  IV-11,  IV-12,  IV-13,  IV-16, 

IV-19,  IV-35,  IV-36,  IV-42;  V-1,  V-3,  V-5 

Hazardous  Wastes:  1-23;  11-23;  IV-39 

Housing:  II-IO;  III-57,  III-60,  III-61,  III-62;  IV-26,  IV-29,  IV-30,  IV-31, 
IV-32,  VI-2,  VI-4 

Income:  111-57,  111-62,  III-65;  IV-30,  IV-32 
Jornada  Experiment  Range:  I-l,  1-26,  II 1-38 

Laser:  I-l,  1-4,  1-5,  I-ll,  1-13,  1-14,  1-15,  1-18,  1-19,  1-20,  1-23,  1-26; 

II- l,  II-3;  III-74;  IV-1,  IV-6,  IV-9,  IV-11,  IV-12,  IV-13,  IV-15,  IV-16, 
IV-17,  IV-18,  IV-20,  IV-39,  IV-41,  IV-42,  IV-45;  V-1,  V-4,  V-5,  V-6; 
VI-2,  VI-5 

Mitigation:  1-27;  II-3;  IV-8j  IV-22;  V-1,  V-2,  V-3,  V-4 
Noise:  III-23,  III-30;  IV-8,  IV-9,  IV-21,  IV-46,  IV-48;  V-6 
Personnel  Requirements:  1-20 

Population:  III-37,  III-39,  III-42,  III-46,  III-53,  III-54,  III-55,  III-56, 

III- 57,  III-60,  III-61,  III-62,  III-63,  III-64,  III-65,  III-66;  IV-26, 

IV- 27,  IV-28,  IV-29,  IV-30,  IV-32,  IV-33,  IV-35,  IV-36 

Power:  I-l,  1-4,  1-5,  I-ll,  1-13,  1-15,  1-18,  1-19,  1-20,  1-23,  1-27;  II-l, 
II-IO,  11-21;  IV-5,  IV-6,  IV-7,  IV-8,  IV-9,  IV-11,  IV-12,  IV-16,  IV-18, 
IV-19,  IV-20,  IV-21,  IV-25,  IV-42,  IV-45,  IV-48,  IV-49;  V-1,  V-3;  VI-2, 
VI-3,  VI-5 

Program  Conflicts:  1-25,  1-26,  1-27;  II-l,  11-21,  11-23;  VI-1,  VI-4,  VI-5 
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Public  Services:  III-65;  IV-32,  V-4 

Radiation:  1-4.  1-14,  1-18;  IV-ll,  IV-13,  IV-18,  IV-39,  IV-41,  IV-42, 
IV-45;  V-4,  V-5;  VI-2,  Vl-4 

Safety  Measures:  II-l;  IV-16,  IV-41,  IV-42,  IV-45,  IV-46;  V-4,  V-6;  Vl-2 

San  Andres  National  Wildlife  Refuge:  I-l,  1-26;  II-l;  III-52;  IV-9,  IV-20, 
IV-21 


Seismicity:  III-13;  IV-1;  VI-1,  VI-2 

Soils/Geology:  I-  23;  II-l,  II-3;  III-5,  III-8,  III-14,  III-53,  III-68; 
IV-1,  IV-2,  IV-36;  V-1 

Solid  Wastes:  1-18,  1-20,  1-22,  1-23;  IV-39;  V-2 
Stimulated  Raman  Scattering  (SRS):  1-4,  1-5 

Target,  target  board:  1-4,  1-5,  I-ll,  1-15,  1-18,  1-19,  1-25,  1-27;  II-3; 
III-33;  IV  -2,  IV-13,  IV-16,  IV-18,  IV-42,  IV-48;  V-3 


Thermal  blooming:  1-4,  1-5,  I-ll,  1-15 

Threatened  or  Endangered  Species:  II-3;  III-30,  III-39,  III-45;  IV-19;  V-4; 
VI-3 

Vegetation:  III-30,  III-33,  III-35,  III-37;  IV-9,  IV-10,  IV-ll,  IV-12 
Wastewater:.  1-22;  V-2;  VI I-l 


Water  Supply/Water  Resources:  1-20,  1-27;  II-l,  II-6,  II-IO, 
III-13,  III-14,  III-37,  III-42,  III-45,  III-46,  III-53, 

III- 70,  III-71,  III-72;  IV-1,  IV-2,  IV-6,  IV-9,  IV-ll, 

IV- 19,  IV-20,  IV-25,  IV-32,  IV-36,  IV-37,  IV-38,  IV-39. 
VI-1,  VI-2,  VI-3,  VI-4,  VI-5 


II- 21;  III-5, 

III- 68,  III-69, 
IV-12,  IV-16, 

IV- 45;  V-2,  V-3; 


White  Sands  National  Monument:  I-l;  II-l;  III-l,  III-4,  III-5,  III-53; 
IV-9,  IV-21 


Wildlife:  I-l;  II-3;  III-39,  III-45,  III-46,  111-52,  III-67;  IV-6,  IV-9, 
IV-ll,  IV-16,  IV-18,  IV-20;  V-2,  V-3,  V-4;  VI-3,  VI-5 


APPENDICES 


APPENDIX  A 

Correspondence 


HCPLY  TO 
ATTENTION  OF: 


.  DEPARTMENT  OF  THE  ARMY 
FORT  WORTH  DISTRICT.  CORPS  OF  ENGINEERS 
P.  O.  BOX  17300 

FORT  WORTH.  TEXAS  76102-0300 
July  23, 


ri«ioninp,  Division 


:tr«  John  PfccerMon 

ricld  Hii{iervisor 

Ccolot{l«:al  Survlt.eK 

l\S.  Flah  and  WlLdlltc  ^^tirvice 

Oniaee  lutll,  Rooia  137 

P.O.  l\ax  4407 

.M  huqu«ri|u«.  iiov  Mcxlt  o  ti7106 
uear  Hr,  Peterson} 

The  Arttty  h'orpK  of  Sntdneore.  Port  Uorth  District,  Is 

presently  pretiArlnp,  an  Knvironinencsl  InpacL  Otateneiit  (KI5)  on  the 
proposod  Ground  Hnsed  Free  Electron  Laser  Technology  lncei;ratlon 
hxperl’Beut  (C<JFI:l-TI»;)  at  White  ffands  ttlsslle  Ranse  (Wfl.'lR),  Mew 
Mexico.  The  EIJ  Ik  helu«{  prepared  lor  the  Strategic  Defense 
Coiuaand  (SDC),  the  proponent  of  the  GftFCL-TIK, 

The  purpose  of  the  (iDFEL^TlK  fa  to  develop  and  evaluate 
Scalable  laser  technologies  for  potential  use  In  future  defense 
aysteoH.  Presently,  three  sites,  aa  Illustrated  on  the  attached 
tisp.  are  belnsi  considered  as  poseihle  lo«:stlon8  for  the  CBPEL-TIF* 
The  facility,  inrludiag  ancillary  structures  and  security  areas, 
would  encoiapass  an  area  2  uiles  by  10  allcs.  Power  transniisalon 
lines  (34Skv)  would  have  to  be  constructed  to  serve  either  of  the 
three  sites.  althou${h  traosuisslon  line  routes  have  not  been 
Identified  at  present. 

The  sue  proposes  to  begin  construction  In  nld-1987  after 
completion  of  ths  Final  EIS.  Construction  would  require  approx!'* 
nstely  3  to  4  years.  The  experiments  would  be  conducted  In  two 
plmses:  the  nedluLi  power  phase  would  be  conducted  for  approal** 
mately  2  years,  and  the  high  p'^er  phase  would  have  a  duration  of 
about  3  yearn.  Tf»e  experlaent  would  prlsuirlly  Involve  directing  a 
laser  beam  at  various  ground,  ntr.  and/or  space  diagnostic 
targets.  The  duration  of  each  test  run  would  bn  less  then  2 
minutes*  The  laser  bens' s  wavelength  would  be  in  the  near 
Infrared  range  (1.06  microns);  the  energy  output  of  the  beam, 
however,  la  classified. 

Ibis  letter  Is  a  fnrual  request  for  any  liifornatlon  you  nay 
have  concerning  threatened  or  endangered  apecloa  that  nay  occur  In 
or  near  any  of  the  three  sites  and  which  could  potentially  be 
tjpactod  by  the  construction  and/or  operation  of  the  proposed 
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This  Inf oncLT tlon  shoul  J  also  include  thnst:  isoecL^a 
pre*3«atl7  ronyi^loreJ  aa  Category  i  spe«:!is»«  I  w?a.iln  alsn  11U<"  to 
aoiit  ll  Voiic  r-TtiioMt  opinion  coocernln:;  tha  potential  tor  l>J()i».)i.;i- 
cal  Assoasfiiiota  ua<?er  .ii-i  tiun  7  oon&ult atloii  •or  any  spceieb,  as 
well  as  t’Ciuriirnts  vom  tjay  have  about  any  potcatlril  environmental 
jt  each  of  tiie  tliteo  iilt<t*rnat Ive  8ite^i• 


In  <i«Ufitloa,  It  Is  our  unilurstandliv  tU»t  tUe  I'Sf*/:;  mny  Im 
ionJiictiiiix  Held  burveya  fur  protcoteJ  species  paresrtne 

Icons)  In  the  Franklin,  Or 'aii,  and/ur  Andres  ^Nvjiitulns* 
prfcll^'luiiry  data  cro;-i  thes^  aurveys  taat  you  could  ivrovlJe  wool 
be  iireatiy  appreclateJ* 


Any 

cl 


liur  present  schedule  recjuices  an  lu-tiouae  draft  tilJi  oy 
i3l<j-Aup,ust j  therefore,  I  wouLtl  apppreclate  youc  pro^iipt  attention 
to  tills  re.'iuoftt*  If  you  have  any  tiucstlona  or  re<julro  adult ioual 
lilt ornial  Ion,  plcciou  do  not  liesltate  to  call  dv«  Paul  '!•  Uatliorn  at 
(017)  33.;- 40*15. 


Thank  y-m  for  your  continued  cooperation  and  assistance, 
dire  looking  frorvitrd  to  your  rcspcmKc. 

Sltueroly , 


•llchael  J.  ;iocek,  P.F. . 
Otilef,  Planning;  Division 

enclosure 
Copy  Funiishecl: 

Comma nder 

U.ll.  Army  Engineer  Division,  Iluiitsvllle 
ATTHs  HDDE1>-CS  (Whitehead) 

P.O.  Uox  1600 
Huntsville,  Alabama  35807 

Mr.  Ruben  G.  Gar;sa 
Geo  Marine,  Inc. 

1316  Fourteenth  Street 
Plano,  Texas  75074 

Mr.  Chris  Ingram 

Culf  South  Research  Institute 

P.O.  Box  14737 

Baton  Rouge,  Louisiana  70(593 
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REPLY  TO 
ATTENTION  OPj 


DEPARTMENT  OF  THE  ARMY 
FORT  WORTH  DISTRICT.  CORPS  OF  ENGINEERS 
P.  O.  BOX  17300 

FORT  WORTH.  TEXAS  76102*0300 

Jiliy  23 »  lOrjib 


Plnnnln;.;  Division 


John  lUihbani 

Niiw  Mrslro  Hattu  ond  Flsli  Deipartiaiint 
?>t:dtc  Capitol 

^nntn  Fc,  New  Hcxico  H75l>3 
Dear  Mr.  HubbnrdJ 

The  \Jmr>0  Aruy  Corpa  of  Fort  Worth  Diotrlcc,  is 

profinncly  preparing  an  i^nvironuentoA  Icipact  Stntftmttut  (KIS)  on  the 
proposdd  Ground  oMsed  Krea  Electron  Laser  Technology  Tttto^;retlon 
I'xperl’ient  (GhFliL-Tin)  at  White  Samfa  Miffsile  ttnn^.e  (WSMU),  Wev 
Mnxico.  The  KLS  Is  betu;^  prepared  for  the  ^Itrateglc  Uefenae 
Cotj&znauJ  (JbC)»  the  proponent  of  the  GUfELr*TIE# 

'Hie  purpOHC  of  the  GliFCL-TlL  la  to  develop  end  evaluate 
scalable  laser  t echnotoi;te6  for  potential  use  in  future  ilefense 
eystes^s*  Present ly^  three  sites^  as  illustrated  on  the  attache J 
raapg  are  being  considered  as  posaiblc  locations  for  the  (IllFhL-TIL* 
T!i«  facllltyp  includin.n  ancillary  structures  and  aecurtcy  areas, 
would  encompass  an  area  2  uiles  by  10  niles*  Power  transmission 
Hues  (345kv)  would  have  to  be  c3nstru<!ted  to  serve  cither  of  tlie 
three  sites,  although  transuissiou  Hue  routes  have  not  been 
identified  at  present* 

Tlie  fiOC  proposes  to  begin  construction  In  iald-1987  after 
coapietlon  of  the  Final  HIS#  Construction  would  reqistre  approxi¬ 
mately  3  to  4  years#  The  experiuerits  would  be  conducted  In  two 
phasess  the  csedlun  power  phase  would  be  conducted  for  approxl- 
nately  2  years,  and  the  hiy,h  power  phase  would  have  a  duration  of 
about  3  years#  The  experi}»«nt  would  prlriarily  involve  direct in/r  a 
laser  beam  at  various  ground,  air,  and/or  space  diagnostic 
targets#  TliC  durntiun  of  each  test  run  would  he  less  than  2 
minutes#  The  laser  bea.a*6  wavelength  would  be  Iti  the  near 
infrared  range  (1.06  Milcrons);  t!ic  energy  output  of  the  boain, 
however^  is  classified# 

This  letter  is  a  foraal  rcc^uest  for  any  Infomstion  you  ^.^tay 
have  concerning  threatened  or  endangered  species  that  may  occur  In 
or  near  any  of  the  threo  sites  ami  which  could  potentially  be 
iDpaeted  by  the  construction  and/or  operation  of  the  proposed 
project#  I  would  also  like  to  solicit  any  concerns  that  you  aay 
presently  iiove  shout  any  potential  envLroihmental  Impacts  at  ouch 
of  the  three  alternative  sites# 


<J\\t  presetic  ruT'oircn  Jii  ln*-hovi«^e  f  1.^5  i**; 

oit J-/vU«;ust;  ther<5fortf,  T  v/ouici  ai^ppr^jclate  your  pro;r.pt  at t.€*iic ioii 
to  thia  rocuient#  It  you  any  i^vu^srlona  or  r^ciulro  eti.llt i.jruil 

Infora/itlou,  uloaHtt*  <io  not  lii>sitate  to  call  Hr«  caul  H#  Pathoni  at 
(ai7)  134-2095 • 

Tuauk  you  for  >our  coatinuevi  coopurattou  and  assistance.  'c 
are  lookiu>5  forwatw^  to  your  reapofibii* 


JUiicernly , 


•.’tichael  J»  Mooek,  P*L*. 
Chltf,  Piannlnj^  Olsri  felon 


r.nr  losttro 


Copy  Furnished: 

Commander 

U*H.  Army  Enj^lneer  Division,  Huntsville 
ATTN:  HNDElV-tS  (Idiltehead) 

P.O.  Box  1600 

Huntsville,  Alabama  35G07 

Mr.  Ruben  G.  Garza 
Geo  ilarine,  Inc. 

1316  Fourteenth  Street 
Plano,  Te:<:a3  75U74 

Hr.  Chris  Ingram 

Gulf  South  Research  Institute 

P.O.  Ikjx  14787 

baton  Rouge,  Louisiana  70898 


POTENTIAL  SnCUNO  3AScD  LASEA  SITES 


UNITED  STATES 

department  of  the  interior 

FISH  AND  WILDUFE  SERVICE 

Field  Supervisor 
Ecological  Services,  USFT7S 
Post  Office  Box  4487 
Albuquerque,  New  Mexico  87196 


Cons.  f/2-22-86-I-lll 


August  29 ,  1936 


Mr.  Michael  J.  Mocek,  P.E.,  Chief 

Planning  Division 

Corps  of  Engineers,  U.  S.  Army 

P.  0.  Box  17300 

Ft.  Worth,  Teras  76102-0300 

Dear  Mr.  Mocek: 

This  responds  to  your  letter  dated  July  23,  1936,  requesting  information 
on  the  effects  of  the  Ground  Based  Free  Electron  Laser  Technology 
Intergratlon  Experiment  (GBFEL-TIE)  on  species  Federally  listed  or 
proposed  to  be  listed  as  threatened  or  endangered.  The  proposed  action 
involves  the  contruction  of  an  experimental  ground  based  free  electron 
laser  system.  Elements  of  this  system  include  a  linear  particle  beam 
accelerator  and  laser  beam  tube  up  to  several  miles  in  length  enclosed 
in  an  underground  tunnel;  a  beam  director  resembling  an  astronomical 
observatory  and  telescope  to  aim  the  laser,  at  various  ground,  air, 
and/or  space  diagnostic  targets;  security  areas;  power  supply;  and  other 
support  facilities.  In  addition,  a  345  kV  power  transmission  line  would 
be  constructed  to  supply  power  to  the  GBFEL-TIE.  Construction  of  the 
facility  would  occur  in  two  pliases.  Ultimate  development  would  occupy 
an  area  of  two  miles  by  ten  miles  and  require  significant  electrical 
power  and  water  resources  (80  -  100  megawatts  base  load  and  1,400  acre- 
feet/year,  respectively) . 

Three  sites  are  being  considered  for  the  GBFEL-TIE  on  White  Sands  Missile 
Range  (WSMR)  in  south-central  Hew  Mexico:  1)  north  of  the  NASA  site 
west  of  the  San  Andres  Mountains  in  Dona  Ana  County,  2)  south  of  the 
Stallion  Range  Camp  in  the  northwestern  portion  of  WS'tR  in  Socorro 
County,  and  3)  near  the  Orogrande  Range  Camp  in  the  southeastern  portion 
of  WSMR  in  Otero  County. 

We  have  used  the  information  in  your  request  to  narrow  the  enclosed  list 
of  species  occurring  in  the  project  area  to  those  wiiich  may  be  affected 
by  your  proposed  action. 

As  you  requested,  the  list  has  been  expanded  to  include  both  Category  1 
and  Category  2  candidate  species.  Candidate  species  have  no  legal 
protection  under  the  Endangered  Species  Act  and  are  included  in  this 
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document  for  planning  purposes  only.  Category  1  species  are  those 
species  for  which  the  Service  has  substantial  inforration  to  support 
their  listing  as  endangered  or  threatened.  The  development  and  publica¬ 
tion  of  proposed  rules  for  these  species  is  anticipated,  v^tegory  2 
species  are' those  species  for  which  current  information  indicates  that 
proposing  to  list  as  endangered  or  threatened  may  be  appropriate,  but 
for  tvhich  conclusive  biological  data  are  not  currently  available  to 
support  proposed  rules. 

Information  relating  to  the  Section  7  consultation  process  has  been 
enclosed  for  your  use  in  project  planning.  We  suggest  you  contact  the 
New  Mexico  Department  of  Game  and  Fish  and  the  New  Mexico  Heritage 
Program  for  information  concerning  fish,  wildlife  and  plants  of  State 
concern. 

The  Service  is  particularly  concerned  with  impacts  on  nesting  raptors  in 
the  San  Andres  and  Oscura  Mountains,  interruption  of  migration  routes  of 
large  nammals,  alteration  of  natural  drainage  patterns,  increased  tater 
and^wind  erosion,  and  direct  habitat  losses  due  to  project  construction 
and  operation.  Th^o  of  the  proposed  alternative  sites  are  located  in 
proximity  to  ilational  Wildlife  Refuges  (MWR)  administered  by  the  Service. 
The  Stallion  Range  Camp  site  is  within  11  miles  of  Bosque  del  Apache 
IRiR,  while  the  NASA  site  is  less  than  4  miles  from  San  Andres  IH-JR.  The 
proposed  345  kV  transmission  line  could  have  significant  adverse  impacts 
on  wildlife  resources,  depending  on  the  site  selected  for  the  GBl EL-TIE 
and  the  povrerlines  length  and  alignment.  The  environmental  Impact 
statement  for  the  project  should  include  this  component  in  its  evaluation 
of  impacts,  especially  with  regard  to  its  potential  effect  on  eagles, 
cranes  and  other  large  birds. 

If  we  can  be  of  further  assistance,  please  call  our  office  at  (505) 
766-3966  or  FTS  474-3966. 


Sincerely  yours. 


Acting  Field  Supervisor 


Enclosures 

cc:  (w/cy  ends)  „  . 

Director,  New  Mexico  Department  of  Game  and  Fish,  Santa  Fe,  New  Mexico 
Director,  New  Mexico  Heritage  Program,  Mew  Mexico  Natural  Resources 

Department,  Santa  Fe,  Nev;  Mexico  j 

Regional  Director,  FWS,  Wildlife  Enchancement,  Albuquerque,  New  Mexico 
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ENUANOKRKI)  SPECIES  ACT 
SECTION  7  CONSULTATION  PROCESS 

Section  7  oi  the  Endangered  Species  Act  rc.|ulree  that  all  Pederal  Agencies 

R^le  National  Mafl«; 

solctll  rl,  referred  to  as  Service)  regarding  endangered 

species.  Thla  consultation  la  iieceaaary  to  Insure  actions  authorized 

exIstLV  Jeopardize  the  continued 

adveJaeW  «odlf  ^  i  Pfo»>osed  endangered  or  threatened  species  or 

adversely  modify  or  destroy  critical  habitat  of  such  species.  The  purpose 

stage  ooteTA?"’*"?,/'*  '! 

theJe  reqJuem^^a.  '»»*  Ptoceaae.  used  to  comply  with 

For  Section  7  consultation  purposes  actions  are  placed  In  two  categories; 

Ju!ll7vAfM!!  h  "“J®*'  ^natnictlon  actions  significantly  affecting  the 
quality  of  the  human  environment  and  a  second  consisting  of  non-construc- 

4,.^  "'*■‘7  ""“tnictlon  action  Is  defined  aa  a  construction 
I  /i  require  preparation  of  an  EIS.  Actions  not  requiring  an 

Els  are  treated  aa  non-construction  category  actions* 

CONSULTATION  PROCESS 

N0_N-C0NSTHUCT10N  ACTIONS.  For  actions  In  thla  category  It  is  incumbent 
upon  Che  Federal  action  agency  Co  assess  whether  lea  action  may  affect 
endangered  and  threatened  species.  If  no  effect  la  evident,  there  Is  no 
need  for  further  consultation.  However,  if  It  la  determined  the  proposed 
action  affect  listed  species,  the  Federal  action  agency  shall  Initiate 
cormal  Section  7  consultation  with  the  Service. 

While  not  required,  a  Use  of  listed  or  proposed  species  found  In  the 
vicinity  of  the  proposed  action  may  be  obtained  from  the  Service  by  the 
Federal  agency  or  their  agent. 


CONSULTATION  PROCESS 

CONSTRUCT ION  ACTIONS.  For  proposed  actions  In  this  category,  the  Federal 
agency  or  their  agent  requests  from  the  Service  information  on  any  species 
or  proposed  to  be  listed  that  may  be  affected  by  the  action.  The^ 

Service  will  provide  this  Information  within  30  days  after  receiving  the 
request. 


Baaed  on  the  list  provided  by  the  Service,  the  Federal  action  agency,  or 
their  delegated  agent,  conducts  a  biological  assessment  of  the  total  area 
affected  by  the  proposed  project  to  Identify  Impacts  upon  those  species  as 
a  result  of  the  proposed  action.  Thla  aasessmenc  shall  be  completed  within 
180  days  after  receiving  a  Hat  of  species  from  the  Service.  If  the  as¬ 
sessment  Is  not  initiated  within  90  days  after  racaipt  of  the  species  list, 
the  accuracy  of  the  list  should  be  vprlflad  before  conducting  the  assess¬ 
ment. 
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Biological  aaocaaMnca  ahould  include  aa  a  ninlauat 


^  ^  II  Ch«  •caa  affected  by  the  propoaed  action 

Including  a  detailed  aurvey  of  the  area  to  determine  if  Hated  or 
proposed  apeclea  are  present  and  If  aultable  habitat  exlata  for 
JJrjopCLAon;**^*''"*  population  or  potential  taint  reduction  of 

ioclud- 

infvertl  .  Z  **'"‘"**  con.erv.tion  departaenta. 

::ie:t;Hi“;uerature| 

Vk  acientiflc  data  to  dateraine  the 

■inti;  habitat  needa.  and  other  biological  requlre- 

tn  Z^!nH  Indirect  effects  of  the  propoaed  action 

habitit;  *"**  population  of  the  Involved  apeciea  and  their 

ihe*ii«llii*^  alternative  actlona  that  .ay  pro«ote  conaervatlon  of 
(6)  Other  relevant  Inforaation;  and 


(7) 


A  written  report  docuaentlng  the  aaaeasoent  reaulta* 


n.li!  **‘*"‘'^  Jeterminea  that  Ita  propoaed  action  may  affect 

thi  slririe  if  »«ency  Inltlatea  formal  Section  7  conaultatlon  with 
nn  »ft  ^  ^  action  agency  determinea  that  there  will  be 

CLii  ‘  ^“«her  conaultatlon.  However,  the  Service 

ould  appreciate  the  opportunity  to  review  the  biological  asaeoament. 

PROPOSED  SPECIES  AND  PROPOSED  CRITICAL  HABITAT.  If  the  proposed  Federal 
action  la  likely  to  Jeopardize  apeciea  propoaed  for  llatlng  aa  endangered 
threatened,  or  adversely  modify  propoaed  critical  habitat,  Section  7 
“f*  "ft  hy  conferring  with  the  Service.  Information  similar 
'L  iorwal  consultation  la  needed  from  the  action 

agency  when  conferring  with  the  Servleo  on  prepeead  apeciea  and  propoaed 
critical  habitat. 


FORMAL  CONSULTATION  INFORMATION  NEEDS 

Requeata  for  formal  consultation  should  Include  information  necessary  for 
the  Herviee  to  determine  Impacts  on  iiated  species  aa  foiiowsi 

(A)  DESCRIPTION  OF  ACTION. 
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AFKKCTKIK  incluuks 
ALL  AREAS  AFFECTED  UlRKC'rt  Y  nn  »  *"'*^“‘^'^3 

««r  m  m  tm  urn 

“'  ^  “«"=s  r.’s.srs  i«s.x.”ss^ 


(E)  OTHER  RELEVANT  INFORMATION 


DickM/ou:  2/13/85 

February  2;  DlckM  (ESA-SEC7) 


A-n 


Species  List 


Department  of  the  Army 
Fort  Worth  District,  Corps  of  Engineers 
Technology  Integration  Experiment 
White  Sands  Missile  Range 
Dona  Ana,  Otero  and  Socorro  Counties,  Hew  Mexico 

August  26,  1986 

Listed  Species 

Whooping  Crane  (Grus  amerlcana)  -  Roosts  on  gravel  bars  and  Islands  In 

Rio  Grande  from  October  through  Fevruary.  Feeds  In  cultivated 
fields  and  wetlands  xd.thin  several  miles  of  the  Rio  Grande. 

Authorities:  James  Lewis,  U.S.  Fish  and  Wildlife  Service, 

P.O.  Box  1306,  Albuquerque,  HM  87103,  (505)  766-3974  and 
Roderick  Drewien,  c/o  Bosque  del  Apache  tfetlonal  Wildlife 
,  Refuge,  P.O.  Box  1246,  Socorro,  Ml  87801,  (505)  835-1828. 

Bald  Eagle  (Hallaeetus  leucocephalus)  -  Winters  along  the  Rio  Grande  and 
occurs  as  a  migrant  statewide.  Roosts  in  large  trees  which  may 
or  may  not  be  close  to  their  feeding  areas.  Bald  eagle  feeding 
areas  include  rivers,  reservoirs,  and  ponds. 

Authorities:  Steve  Hoffman,  U.S.  Fish  and  Wildlife  Service, 

P.O.  Box  1306,  Albuquerque,  NM  87103,  (505)  766-3974  and 
John  P.  Hubbard,  rfew  Mexico  Department  of  Game  and  Fish, 
Vlllagra  Bldg.,  Santa  Fe,  Hew  Mexico  87503,  (505)  827-7438. 


American  Peregrine  Falcon  (Falco  peregrinus  ana  turn)  -  The  peregrine 
falcon  prefers  areas  with  steep  rocky  cliffs  in  close 
proximity  to  water.  Since  dense  bird  populations  provide  the 
prinary  food  source  for  the  peregrine  falcon,  areas  in  which 
these  bird  concentrations  are  found  are  also  important  habitat. 
It  has  a  lower  preference  for  forest  and  grassland  biomes. 

Authority:  John  P.  Hubbard,  Mew  Mexico  Departnant  of  Game  and 
Fish,  State  Capitol,  Santa  Fe,  Mew  Mexico  87503,  (505) 

827-2438. 
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Aplomado  Falcon  (Falco  femoralls  aeptentrlonalls)  -  An  endangered  bird, 

is  currently  not  found  in  New  Mexico  but  nay  be  introduced  into 
historic  range  in  the  State.  Historic  range  includes  Catron, 
Chaves,  Dona  Ana,  Eddy,  Grant,  Hidalgo,  Lea,  Lincoln,  Luna, 
Otero,  Sierra,  and  Socorro  Counties.  This  species  is  found  in 
open  woodland,  savanna  or  grassland  habitats. 

Authority:  Steve  Hoffman,  U.S.  Fish  and  Wildlife  Service, 

P.  0.  Box  1306,  Albuquerque,  Hew  Mexico  87103,  (505)  766-8063. 


Interior  Least  Tern  (Sterna  ant  ilia  rum  a tha  lassos)  -  This  species  nests  on 
sandy  beaches  on  shorelines  of  streams,  rivers  and  lakes  and 
has  been  sighted  on  Bosque  del  Apache  National  Wildlife  Refuge. 

Authority:  Steve  Hoffman,  U.S.  Fish  and  Wildlife  Service, 

P.O.  Box  1306,  Albuquerque,  NM  87103,  (505)  766-3972. 


Sneed  Pincushion  Cactus  (CoryphantlTa  sneedii  var.  sneedii)  -  Occurs  in 
southeastern  Dona  Ana  County  and  northwestern  El  Paso  County 
(Texas)  in  the  southern  Organ  Mountains,  Bishop's  Cap,  and 
Franklin  Mountains.  This  species  usually  prefers  limestone 
ledges  in  desert  and  grassland  blomes  from  4,300  to  5,400  feet 
elevation. 

Authority:  Saustrup,  A.  and  M.C.  Johnston.  1977.  Report  on 
status  of  Coryphantha  sneedii  var.  sneedii.  Fare  Plant  Study 
Center,  0.  T.  at  Austin. 


Lloyd's  Hedgehog  Cactus  (Echlnocereus  Iloydii)  -  This  species  occurs 
in  the  Chlhuahuan  Desert  in  the  Jarilla  Mountains  near  Orogrande, 
Otero  County  and  in  Carlsbad  National  Park,  Eddy  County.  It  has 
also  been  reported  in  Eddy  County,  30  miles  west  of  Artesia  and 
in  the  east  Potrillo  Mountains,  Dona  Ana  County.  It  is  associated 
with  dry  rocky  hills,  slopes,  limestone  and  granite  outcrops  at 
approximately  5000  feet  elevation. 

Authority:  Jim  Johnson,  U.S.  Fish  and  Wildlife  Service,  Office  of 
Endangered  Species,  P.  0.  Box  1306,  Albuquerque,  New  Mexico, 

(505)  766-3972. 


A-13 


3 


Proposed  Species 
None 


Candidate  Species 


Category  1 
None 

Category  2 


l^lte  Sands  pup  fish 
Ferruginous  hawk 
Swainsons  hawk 
'•l^estern”  snowy  plover 
White-faced  ibis 
Mountain  plover 
Long-billed  curlew 
Western  yello^z-billed  cuckoo 
Southern  spotted  owl 
Occult  bat 

Southwestern  cave  bat 
Spotted  bat 

Organ  Mountains  chipmunk 
Arizona  prairie  dog 
White  Sands  pocket  gopher 
White  Sands  woodrat 
New  Mexican  jumping  mouse 

Grama  grass  cactus 
Alamo  beard  tongue 
Gypsum  sea leb room 
Organ  Mountain  Evening  Primrose 
Nooding  cliff  daisy 
Gray  sibara 
Cur leaf  needle grass 
Dune  unicorn  plant 


(Cyprinodon  tularosa) 

(Buteo  regalis) 

(Buteo  swainsoni) 

(Cha radrius  alexandrinus  nivosus) 
(Plegadis  chihi) 

(Cha  radrius  montanus) 

(Numenius  americanus) 

(Coccyzus  americanus  occidentalis) 
(Strix  occidentalis  luclda) 

(Myotis  lucifugus  occultus) 

(M«  velifer  brevis) 

(Eu derma  macula  turn) 

(Eutamias  quadrivitta tus  australis) 
(Cynomys  ludovicianus  ar izonensis) 
(Geomys  arenarius  brevirostris) 
(Neotoma  micropus  leucophaea ) 

(Zapus  hudsonius  luteus) 

(Pediocactus  papyracanthus) 
(Penstemon  alanoseusis) 

(Lepidos  par  turn  burgessii) 

(Oenothera  organensis) 

(Perityle  ceriiua) 

(Sibara  grisea) 

(St Ipa  curvif olia) 

(Proboscides  sabulosa) 


Critical  Habitat 


^Jhooping  Crane  (Grus  americana)  -  An  area  of  land,  v^ter  and  air  space 
in  Socorro  County,  New  Mexico  with  the  following  components: 
all  areas  at  or  below  4,600  feet  in  elevation  within  Bosque 
del  Apache  National  Wildlife  Refuge  (Federal  Register,  May  15, 
1978:  43FR  20938  -  20942). 
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September  17,  1986 


Mr.  Michael  J.  Mocek 

U.  S.  Army  Corps  of  Engineers 

P.  0.  Box  17300 

Ft.  Worth,  Texas  76102 

Dear  Mr.  Mocek: 

This  letter  is  in  response  to  your  request  for  information 
regarding  state-listed  threatened  and  endangered  species  that 
may  be  negatively  impacted  by  the  construction  and/or 
operation  of  the  proposed  Ground  Based  Free  Electron  Laser 
Technology  Integrated  Experiment  (GBFEL-TIE)  at  White  Sands 
Missile  Range  (WSMR) . 

During  the  initial  phase,  the  proposed  project  would  involve 
the  construction  and  operation  of  an  accelerator  that 
produces  a  high  energy  stream  of  electrons  used  to  generate  a 
laser  beam,  and  a  long  buried  tunnel  to  transport  the  laser 
energy  to  optical  devices.  A  beam  director  to  aim  the  laser 
at  selected  targets,  several  support  buildings  and  security 
areas  also  would  be  required.  Phase  two  would  involve  a 
larger,  more  powerful  laser  device  that  would  require  a  345 
kV  power  transmission  line,  approximately  1,400  acre-feet  of 
water  annually  and  would  occupy  an  area  two  miles  by  10 
miles. 

Three  sites  within  WMSR  are  being  considered  for  the 
GBFEL-TIE  project;  1)  north  of  the  NASA  facilities  along  the 
west  side  of  the  San  Andres  Mountains,  2)  south  of  the 
Stallion  Range  Camp  in  the  northwestern  portion  of  WSMR,  and 
3)  in  the  vicinity  of  the  Orogrande  Range  Camp  in  the 
southeastern  portion  of  WSMR. 
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September  11,  1986 


Our  records  indicate  the  following  threatened  and  endangered 
species  as  occurring  within,  or  in  close  proximity  to  the 
proposed  project  area:  (1)  desert  bighorn  sheep  rovis 
canadensis  mexicana) ;  (2)  black-tailed  prairie  dog  fCvnonmvs 
ludovicianus^ ;  (3)  Colorado  chipmunk  fEutamias  ouadrivittatus 
australis) ;  (4)  White  Sands  pupfish  fCvorinodon  tularosa) ? 

(5)  Trans-Pecos  rat  snake  fElaohe  subocular is) ;  and  (6)  gray 
vireo  fVireo  vicinior) . 

I  have  some  strong  reservations  regarding  the  proposed  site 
located  north  of  the  NASA  facilities  along  the  west  side  of 
the  San  Andres  Mountains.  This  area  is  located  within  4 
miles  of  the  San  Andres  National  Wildlife  Refuge,  the  primary 
function  of  which  is  to  protect  and  perpetuate  the  endangered 
desert  bighorn  sheep.  The  San  Andres  bighorn  are  the  only 
indigenous  population  remaining  in  New  Mexico.  Consequently, 
they  represent  a  very  valuable  resource  to  the  citizens  of 
the  state.  Presently,  this  population  has  reached  a  very 
delicate  balance  between  survival  and  extinction.  My 
concerns  are  further  compounded  by  the  fact  that  less  than 
125  free-ranging  desert  bighorn  occur  in  the  entire  state. 

The  current  status  of  our  knowledge  of  desert  bighorn  sheep 
is  that  it  is  a  very  sensitive  species  and  has  great 
difficulty  adjusting  to  encroachment  of  many  man  related 
activities.  Bighorn  sheep  biology  revolves  about  the 
retention  of  its  annual  production  of  juveniles  on  the  home 
range  of  the  adults,  rather  than  their  dispersal  from  such 
home  ranges,  and  the  exploitation  of  plant  communities  that 
are  stable  in  time  and  space.  Habitat  utilization  is 
dependent  on  social  organization  and  living  traditions  that 
if  altered,  affect  bighorn  ecology  far  more  significantly 
than  if  a  similar  alteration  involved  mule  deer  fOdocoileus 
hemionus ) . 

Disturbances,  whether  directed  toward  bighorn  or  not,  have 
been  observed  to  cause  reactions  adverse  to  population 
welfare.  Bighorn  have  been  known  to  abandon  the  use  of 
historic  ranges  where  human  activity  increased  suddenly  over 
a  short  time. 

The  proximity  of  the  site  proposed  for  the  GBFEL-TIE 
project  north  of  NASA  to  currently  occupied  bighorn  habitat 
on  the  San  Andres  National  Widlife  Refuge  is  of  concern.  In 
addition  to  possibly  depriving  bighorn  use  of  the  west  slope 
of  the  mountain  range,  htunan  activities  in  this  area  might 
also  cause  abandonment  of  the  Brushy  Mountain  lambing  areas, 
which  have  been  identified  as  critical  habitat  for  this 
species. 


Mr.  Michael  J.  Mocek 
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This  project  also  has  the  potential  to  negatively  impact 
Important  big  game  species  such  as  mule  deer,  gemsbok  (Orvx 
gazella) ,  pronghorn  antelope  (Antilocaora  americana) ,  and 
mountain  lion  (Felis  concolor^  that  occur  throughout  WSMR. 
An  assessment  of  potential  impacts  on  these  species  and 
appropriate  mitigative  measures  need  to  be  addressed  in  the 
draft  environmental  impact  statement. 


I  am  equally  concerned  about  the  water  (1,400  acre-feet/year) 
and  electric  power  requirements  (345  kV  transmission  line)  of 
this  project.  The  environmental  impact  statement  should 
address  water  infiltration  rates,  ground  water  moveinents, 
projected  drawdown  of  the  water  bearing  aquifer  and  what 
impacts  this  may  have  on  water  sources  in  the  montane  areas. 
The  power  transmission  line  could  also  have  significant 
adverse  impacts  on  wildlife.  Construction  and  maintenance 
activities  may  adversely  impact  nesting  raptors,  as  they  are 
very  sensitive  to  disturbances  especially  during  the  breeding 
season.  Overhead  wires  also  pose  a  serious  threat  to  birds 
in  the  form  of  electrocution  and  collisions.  The  frequency 
of  collisions  with  overhead  wires  is  directly  related  to  the 
proximity  of  powerlines  relative  to  feeding  areas. 
Electrocutions  usually  result  from  poor  transmission  line 
design. 


I  would  appreciate  the  opportunity  to  review  the  draft 
environmental  impact  statement  when  it  is  completed.  If  you 
have  any  questions,  please  contact  Andrew  Sandoval  of  this 
office  at  (505)  827-9912. 


Sincerely, 


Harold  F.  Olson 
Director 


avs 

cc:  John  R.  Brown  (Office  of  Policy  Analysis) 
Michael  J .  Spear  (Regional  Director,  USFWS) 
Patricia  Hoban  (SANWR  Manager,  USFWS) 

Daisan  Taylor  (Wildlife  Biologist,  WSMR) 
Craig  Nordyke  (SW  Area  Supervisor,  NMGF) 
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APPENDIX  B 

Archeological  Survey  and  Report 

(Included  in  Draft  EIS) 


APPENDIX  C 

PTMAX  Air  Emission  Model 

(Included  in  Draft  EIS) 


APPENDIX  D 

Socioeconomic  Analysis  Gravity  and  Allocation  Models 


Population  Impacts  and  Gravity  Models 
for  Socioeconomic  Analysis,  GBFEL-TIE,  WSMR 

The  construction  and  operation  of  major  Department  of  Defense  related 
developments  on  WSMR  has  drawn  workers  and  their  dependents  into  the  area  in 
the  past.  The  magnitude  of  the  in-migration  associated  with  the  proposed 
GBFEL-TIE  would  depend  on  the  project  schedule  and  the  need  for  nonlocal 
employees. 

Employment  data  from  WSMR,  U.S.  Census  and  local  public  sources  have  been’ 
applied  to  an  algorithm  to  estimate  the  in-migrating  population  (Figure  D-1). 
The  in-migrating  population  consists  of  direct  or  primary  workers  (nonlocal 
construction  and  operations)  associated  with  particular  developments  and 
indirect  or  secondary  workers  (i.e.,  those  workers  necessary  to  fill  the 
employment  created  by  the  primary  jobs  for  sales  and  services)  and  the 
dependents  associated  with  primary  and  secondary  workers  (Table  D-1). 

The  relationship  between  variables  in  the  algorithm  are  based  on  available 
empirical  data  (Mountain  West  Research,  1975)  and  models  (Murdock,  et.  al., 
19/9)  developed  for  social  impact  assessment  studies.  All  of  the  variables  in 
the  algorithm  can  be  calculated  by  the  known  values  of  primary  (direct) 
construction  employment  and  primary  (direct)  operations  employment. 

The  assumptions  for  the  relationships  between  variables  in  the  algorithm 
determine  the  values  of  total  in-migrating  population  calculated  from  a  given 
set  of  primary  employment  figures.  Obviously,  different  assumptions  yield 
different  estimates  of  in-migration.  The  assumptions  made  in  the  present 
instance  are  based  on  previous  empirical  work  and  professional  judgement 
relative  to  local  applicability.  As  new  data  are  developed  and  the 
assumptions  refined,  new  values  should  be  calculated  prior  to  the  discussion 
of  estimated  in-migrating  populations.  The  assumptions  regarding  the 
relationship  between  values  are  presented  below. 

1.  During  FY87-90  60  percent  of  the  blue  collar 
construction  phase  work  force  would  be  filled  by 
local  workers;  40  percent  by  nonlocal  workers. 

During  FY91-93  50  percent  of  the  blue  collar 
construction  work  force  would  be  filled  by  local 
workers,  50  percent  by  nonlocal  workers. 

2.  20  percent  of  the  scientific/technical/superyisory 
operations  work  force  would  be  local;  80  percent 
would  be  nonlocal 

3.  51  percent  of  the  nonlocal  blue  collar  construction 
phase  workers  would  be  single  or  without  their 
families;  49  percent  would  have  families  or 
dependents 

4.  the  number  of  dependents  of  nonlocal  construction 
workers  is  1.8  times  the  number  of  such  workers 

5.  20  percent  of  the  scientific/technical/supervisory 
operations  work  force  would  be  single  or  without 
families;  80  percent  would  have  families  or 
dependents 


Figure  D-1.  popuiatiom  impact  model 


6.  the  number  of  dependents  of  nonlocal 
scientific/technical/supervisory  operation  workers 
is  2.3  times  the  number  of  such  workers 

7.  the  number  of  total  (local  and  nonlocal)  secondary 
workers  is  a  function  of  primary  construction 
workers  and  primary  operations  workers;  the  number 
of  secondary  workers  is  the  sum  of  50  percent  of 
blue  collar  construction  workers  plus  110  percent 
of  operations  workers. 

8.  the  number  of  nonlocal  secondary  workers  would  be 
25  percent  of  the  total  calculated  number  of 
secondary  workers 

9.  20  percent  of  the  nonlocal  secondary  workers  would 
be  single  or  without  families;  80  percent  would 
have  families  or  dependents 

10.  the  number  of  dependents  of  nonlocal  secondary 
workers  is  2.3  times  the  number  of  such  workers 

Assumption  #1  is.  based  on  the  proportion  of  local  and  non-local  workers 
observed  at  similar  projects  throughout  the  United  States.  The  Corps  of 
Engineers  Institute  for  Water  Resources  (Dunning  1981)  concluded,  based  on  a 
sample  of  51  major  construction  projects,  that; 

a)  approximately  70  percent  of  the  national 
construction  workforce  on  Corps  projects  is 
composed  of  local  workers; 

b)  projects  in  the  western  United  States  have  a  higher 
proportion  of  non-locals  than  projects  elsewhere  in 
the  country;  and 

c)  for  regions  with  smaller  populations,  the 
proportion  of  non-locals  employed  on  a  project  is 
greater . 

The  proportions  of  local/non-local  workers  assumed  in  this  analysis  were 
chosen  in  an  attempt  to  reflect  these  conclusions.  They  are  further 
substantiated  in  a  study  conducted  by  North  Dakota  State  University  (Leholm  et 
al .  1976)  that  the  proportion  of  non-local  workers  at  electric  generating 
facility  construction  projects  in  the  western  United  States  was  50  percent. 

It  should  be  recognized,  however,  that  any  modification  in  the  level  of  effort 
or  time  table  of  the  present  project  would  modify  impacts.  Of  particular 
importance  would  be  the  effect  of  additional  new  construction  projects  in  the 
study  area  that  might  significantly  increase  the  demand  for  construction 
workers.  In  this  case,  a  higher  percentage  of  in-migrating  construction 
workers  would  be  expected. 

6BFEL-TIE  related  projected  in-migrating  populations  were  distributed  among 
the  counties  within  the  region  of  impact  using  a  gravity  model  of  spatial 
allocation  (Figure  D-2K  The  boundary  for  the  model  was  set  by  a  100  mile 
travel  distance  from  each  of  the  three  sites.  There  are  three  separate 
allocations  -  one  for  each  site.  It  was  assumed  that  local  workers  would 
commute  up  to  100  miles  to  fill  construction  jobs.  One  hundred  miles  was  also* 


assumed  to  be  the  maximum  distance  from  which  the  in-migrating  work  force 
generally  would  drive  from  their  new  place  of  residence  to  a  work  site. 

The  gravity  model  is  based  on  two  variables:  size  of  place  and  distance 
between  place  and  work  site.  The  relationship  between  a  worker's  place  of 
residence  and  place  of  work  can  generally  be  stated  as  follows: 

0  the  larger  the  place,  the  more  attractive  it  is  to 
reside,  and 

0  the  closer  the  place,  the  more  attractive  it  is  to 
reside. 

The  size  of  place  is  in  essence  a  proxy  for  numerous  desirable  community 
amenities  and  services,  i.e.,  schools,  shopping,  housing,  cultural  activities, 
etc.  Size  is  also  a  proxy  for  the  ability  of  a  community  to  muster  resources 
(credit,  expertise,  etc.)  to  deal  with  incoming  population  and  resulting 
impacts.  If  a  community  decides  to  prepare  for  the  influx  by  arranging  needed 
facilities  (particularly  housing),  it  may  attract  a  much  larger  share  of  the 
incoming  population  than  indicated  by  the  model.  Proximity  to  work  is  a 
measure  of  convenience. 

The  traditional  method  for  the  calculation  of  distribution  factors  based  on 
size  of  place  is  based  on  the  assumption  that  the  population  of  incorporated 
places  of  500  or  more  population  is  the  best  surrogate  value  for  desirable 
community  amenities  and  services.  In  the  present  case,  it  was  assumed  that 
the  largest  town  in  each. of  the  counties  was  the  market  and  service  center  for 
that  county  and  would,  therefore,  contain  facilities  commensurate  with  the 
county  population.  Therefore,  in  making  the  spatial  allocation  calculations 
the  county  population  was  assigned  to  the  largest  town.  The  largest  town  was 
also  the  nodal  point  for  measuring  the  distance  by  road  to  the  various  sites. 

In  most  development  projects  the  distance  elasticity  factor  (exponent  b)  is 
lower  for  construction  and  secondary  workers  than  for  operations  workers.  The 
assumption  is  that  the  latter  will  seek  residence  closer  to  their  place  of 
employment  than  the  former  since  there  is  an  expectation  of  long-term 
employment.  Because  of  the  construction/operations  scheduling  information 
supplied  at  the  time  the  Draft  Environmental  Impact  Statement  (DEIS)  was  being 
written,  the  judgement  was  made  that  construction  and  operations  personnel 
would  tend  to  allocate  themselves  in  a  similar  manner.  Accordingly,  the 
distance  elasticity  factor  used  for  both  groups  was  the  same  (b*1.5). 

Recently,  revised  manpower  estimates  and  project  schedules  were  received  from 
USASDC  which  required  rethinking  this  assumption.  Additionally,  information 
supplied  by  the  WSMR  Public  Affairs  office  estimated  the  approximate  work 
force  distribution  of  WSMR  main  post  personnel.  Most  of  the  personnel  who 
live  off-post  were  held  to  be  civilian,  professional  or  technical  workers. 

This  information  indicated  that  approximately  44  percent  of  these  personnel 
live  in  El  Paso,  50  percent  in  Las  Cruces  and  6  percent  in  Alamogordo. 

A  distance  elasticity  factor  based  on  this  information  was  empirically  derived 
and  used  to  allocate  the  Orogrande  and  North  of  NASA  operations  work  force. 
This  factor  (b=3.5)  approximates  the  distribution  for  El  Paso  and  Las  Cruces 
but  under  represents  the  expected  (6  percent)  number  at  Alamogordo.  The 
proj^cted  number  for  Alamogordo  is  1  percent.  This  indicates  that  more  people 
than  the  model  predicts  are  willing  to  incur  the  inconvenience  of  additional 
travel  in  order  to  live  in  Alamogordo. 


Figure  D-2 

Gravity  Model  of  Spatial  Allocation 


N 
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where :  w . . 

*  J 


the  proportion  of  workers  settling  in  place 
i  from  plant  j 

population  in  place  i 

distance  from  pl^ce  i  to  plant  j.^. 
the  extent  to  which  distance  inhibits 
settlement,  referred  to  as  distance 
elasticity 


where: 

b  =1.5  for  construction  and  secondary 
workers  (Source:  Sunbelt  Research 
Corporation,  March  1980) 
b  =  3.5  for  operations  workers  at  Orogrande 
and  North  of  NASA  (Source:  Elasticity 
figure  calculated  from  settlement  pattern  of 
WSMR  current  civilian  staff) 
b  =2.9  for  operations  workers  at  Stallion 
(WSMR  elasticity  figure  judgemental ly 
modified) 


Source:  Construction  Worker  Profile  Final  Report.  A  Study 
of  the  Old  West  Regional  Commission  by  Mountain  West 
Research. 


There  is  an  additional  factor  which  is  probably  involved,  but  which  is 
unquantifiable.  The  perceived  attractiveness  of  Las  Cruces  and  Alamogordo  as 
places  to  live,  compared  to  El  Paso,  is  greater  than  their  relative  population 
size  would  indicate. 

Information  concerning  the  disposition  of  past  construction  project  work 
forces  at  WSMR  was  not  available.  Accordingly,  the  distance  elasticity  factor 
of  b=1.5  was  retained  where  making  allocation  projections  of  incoming 
construction  and  secondary  workers. 

Since  the  Stallion  area  differs  considerably  from  the  southern  end  of  the 
WSMR,  it  was  felt  to  be  more  reasonable  to  utilize  factors  from  previous 
studies  which  were  felt  to  be  applicable.  Accordingly,  distance  elasticity 
factors  used  in  the  gravity  model  to  project  the  distribution  of  incoming 
population  were  b=1.5  for  construction  and  secondary  workers  and  b=2.9  for 
operations  workers. 

The  distribution  factors  applied  to  the  estimates  for  in-migrating  populations 
for  each  site  are  shown  below  in  Table  D-2. 

Table  D-2 

Distribution  Factors  for  Construction,  Operation 
and  Secondary  Workers  and  Attendant  Dependents 

Site 

Orogrande  North  of  NASA  Stallion 

Constructions  Constructions  Constructions 


County 

Secondary 

Operations 

Secondary 

Operations 

Secondary 

Operations 

Bernalillo 

.1 

.654 

.307 

Dona  Ana 

.190 

.234 

.433 

.831 

- 

Lincoln 

.007 

.002 

- 

- 

.045 

.045 

Otero 

.105 

.175 

.037 

.009 

• 

• 

Sierra 

- 

- 

.006 

.001 

.020 

.013 

Socorro 

- 

- 

- 

- 

.166 

■  .536 

Torrance 

- 

- 

- 

.014 

.008 

Valencia 

- 

• 

> 

- 

.101 

.091 

El  Paso 

.698 

.588 

.524 

.157 

- 

- 

1.000 

0.9992 

1.000 

0.998 

1.000 

1.000 

1"-"  indicates  not  applicable 
^may  not  total  1.000  due  to  rounding 
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APPENDIX  E 

Eye  Safety  Calculations 


Appendix  E 
Eye  Safety  Analysis 


1.0  Introduction 

The  possibility  of  exposure  and  damage  to  the  eye  is  a  potential  hazard 
associated  with  lasers.  With  a  large  scale  laser,  such  as  the  GBFEL-TIE,  the 
scattered  energy  as  well  as  the  laser  beam  itself  can  be  a  safety  hazard.  The 
eye  is  the  organ  most  susceptible  to  laser  damage.  If  the  laser  energy  is  not 
at  sufficient  levels  to  hurt  the  eye,  then  it  is  not  a  hazard  to  other  parts 
of  the  body. 

2.0  Exposure  Limits 

Optical  radiation  is  usually  absorbed  in  a  thin  layer  of  tissue  in  the  eye  and 
its  damaging  effects  are  largely  thermal  in  nature.  Tissue  repair  processes 
are  limited  and  therefore  result  in  a  definite  exposure  threshold;  that  is,  an 
exposure  level  exists  below  which  no  adverse  change  will  occur  and  no  real 
risk  exists.  Of  course,  the  threshold  can  vary  with  the  individual  and  with 
environmental  conditions.  However,  if  the  safety  level  is  set  well  below 
these  variations,  then  the  exposure  conditions  are  not  hazardous. 

These -hazard  thresholds  are  set  by  taking  measurements  from  laboratory 
animals,  such  as  a  rhesus  monkey,  and  establishing  the  ED50  dose.  The  ED50 
dose  is  the  exposure  dose  that  results  in  a  50  percent  probability  of  an 
ophthalmoscopically  visible  lesion  in  50  percent  of  the  exposures  in  a  group 
of  animals.  The  Maximum  Permissible  Exposure  (MPE)  is  then  established  as  the 
safety  level  below  which  exposure  is  not  hazardous.  This  MPE  is  generally  10 
times  smaller  than  the  ED50  dose. 

For  the  purpose  of  this  analysis,  the  MPE  values  used  are  from  the  American 
National  Standard  for  the  safe  use  of  lasers  (ANSI  A136. 1-1980  amended  1986). 
For  the  operating  wavelength  and  waveforms  of  the  GBFEL-TIE  these  standards 
specify  a  MPE  of  5  x  n“l/^  micro joules  per  square  centimeter,  where  n  is  the 
number  of  laser  pulses. 

3.0  Laser  Energy  Scattering 

Once  the  MPE  levels  have  been  established,  it  is  necessary  to  evaluate  all  the 
possible  sources  of  scattered  energy.  These  scatterers  can  be  categorized  as 
diffuse  scatterers,  which  spread  the  laser  energy  into  a  large  volume,  and 
specular  scatterers,  which  reflect  a  more  coherent  and  directional  beam  of 
energy. 

3.1  Diffuse  Targets 

Most  of  the  scatterers  that  may  reflect  laser  energy  will  be  diffuse 
scatterers.  These  scatterers  include  aerosols  in  the  atmosphere  such  as 
clouds,  the  atmosphere  itself,  dust  particles  and  other  particulates,  plants, 
animals,  the  ground  and  rough  non-ref lective  surfaces  on  the  targets.  For 
purposes  of  analysis,  instead  of  addressing  each  of  the  types  of  scatterers  a 
"worst  case"  was  assessed.  This  "worst  case"  assumes  that  a  diffuse 
•scatterer,  as  large  as  the  laser  beam,  reflects  all  the  laser  energy.  The 
following  is  the  geometrical  optics  question  for  the  reflected  energy  in  this 
case: 


(Radiant  Exposura)  -  (Baan  Enargy)  (Scattarar  ra£lectance) 


(Area  of  Che  scattered  energy) 


or  symbolically 
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If  the  radiant  exposure  (H)  is  replaced  by  the  MPE,  the  equation  can  be  solved 
for  the  "safe  range"  or  the  range  at  which  the  reflected  energy  is  equal  to 
the  maximum  permissible  energy. 


For  the  anticipated  beam  power  densities,  both  Phase  I  and  Phase  II  will  have 
safe  ranges  less  than  1  km. 

3.2  Specular  Scatterers 

Smooth  highly  reflective  objects  can  scatter  a  significant  portion  of  a  laser 
beam.  Some  specular  scatterers  that  have  been  considered  are  rain,  space 
debris,  air  vehicles,  ground  vehicles  and  reflective  surfaces  on  the  test 
targets.  Reflections  from  large  scatterers  would  be  mitigated  with 
operational  safety  procedures.  That  is,  ground  and  air  vehicles  would  be 
cleared  from  the  area  before  laser  operation.  Radar  and  ground  security  would 
alert  the  operators  to  any  unauthorized  intrusion  into  the  safety  buffer  zones 
and  the  laser  would  automatically  be  shut  down.  The  laser  would  also  not 
operate  in  adverse  weather  conditions.  Any  space  debris  over  1  cm  in  diameter 
would  be  tracked  and  accounted  for  so  the  laser  would  not  operate  when  there 
is  a  hazard  of  illuminating  these  scatterers.  This  leaves  small  unintentional 
objects  and  the  test  targets  to  consider. 

3.2.1  Small  Unintentional  Targets 

Since  objects  larger  than  1  cm  in  diameter  can  be  detected  and  thereby 
operationally  guarded  against,  a  1  cm  diameter  scatterer  is  considered  in  the 
specular  scatterer  hazard  analysis.  Most  of  the  smooth  surfaces  will  be 
curved  and  therefore  will  spread  the  energy  in  a  broad  direction.  For  this 
analysis,  the  more  stressing  case  of  a  nominally  flat  surface  is  considered 
with  a  correction  term  for  the  degree  of  "flatness".  A  geometrical  optics 
equation  for  the  radiant  exposure  from  a  specular  scatterer  is: 

H  »  (Beam  energy) (Atmos.  Atten.)  (Reflectivity) (Area  of  reflector) (Flatness) 


(Area  of  beam  at  reflector) (Area  of  scattered  beam  at  eye) 

or  symbolically 
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Consistent  with  the  “worst  case"  analysis,  we  assume  the  beam  is  not  spread  or 
attenuated  through  the  atmosphere.  The  safe  range  is  then: 
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Most  scatterers  will  be  destroyed  by  the  incident  laser  beam.  Those  that 
survive  will  generally  have  the  surface  degraded  to  a  diffuse  reflector.  If  a 
scatterer  were  to  survive  a  few  laser  pulses  with  it's  surface  intact,  it 
would  not  generally  remain  oriented  toward  a  viewer  for  more  than  a  few 
milliseconds.  Nevertheless,  in  order  to  be  conservative  on  the  side  of 
safety,  for  this  analysis  we  assumed  an  extremely  large  number  of  150  pulses 
that  may  reach  the  viewer.  In  addition,  we  made  a  very  conservative  estimate 
of  the  anticipated  reflectivity  (80  percent)  and  surface  flatness  (one-third 
of  a  wavelength).  Using  these  assumptions,  the  above  equation  gives  the 
result  that  the  safe  range  for  specular  reflections  would  be  less  than  1  km. 
That  is,  if  an  observer  located  beyond  1  km  from  the  beam  were  to  look  at 
reflection  of  the  laser,  that  observer  would  not  receive  more  than  the  Maximum 
Permissible  Exposure. 

Although  laser  reflections  more  than  1  km  from  the  reflecting  object  would  not 
be  hazardous,  a  further  calculation  was  done  to  estimate  the  likelihood 
someone  beyond  1  km  away  would  even  be  exposed  to  the  reflection.  The 
analysis  to  this  point  assumes  that  if  a  specular  scatterer  does  encounter  the 
beam  that  it  is  oriented  at  exactly  the  right  angle  to  reflect  the  energy  into 
someone's  eye.  This  is  a  very  unreasonable  assumption.  If  a  scatterer  enters 
the  laser  beam  it  could  be  oriented  so  that  energy  can  be  scattered  in  any 
direction.  The  probability  of  exposure  to  this  reflected  energy  is  a  function 
of  the  distance  from  the  scatterer  and  the  area  of  the  eye.  For  a  viewer 
beyond  1  km  from  the  scatterer  the  probability  is  very  low,  less  than  1  in  2 
million. 


3.2.2  Reflection  from  Test  Targets 

The  largest  source  of  potential  reflected  energy  would  be  from  scatterers  on 
the  test  targets  themselves.  This  problem  will  be  controlled  through  proper 
design  of  the  test  targets.  Most  of  the  surfaces  will  be  diffuse  or  curved  so 
that  the  reflected  energy  will  be  highly  divergent.  The  reflective  surfaces 
may  be  oriented  so  that  scattered  energy  will  reflect  into  an  absorptive 
protecting  material.  Large  reflective  targets  can  be  enclosed  in  a  light 
tight  facility  to  prevent  reflected  energy  from  producing  a  hazard. 

4.0  Telescopic  Viewing 

If  the  scattered  laser  energy  is  viewed  with  a  telescope  or  binoculars  there 
will  be  more  radiation  on  the  eye  due  to  the  larger  aperture  of  the^  telescopic 
device.  For  specular  reflectors  within  the  line-of-sight  this  radiation  may 
be  damaging.  However,  the  probability  of  reflected  energy  being  in  the 


direction  of  the  telescopic  device  is  still  well  below  one  in  a  million.  If 
this  probability  is  coupled  with  the  probability  of  the  telescope  being 
pointed  toward  the  scatterer,  the  chances  of  damaging  exposure  decrease  to 
less  than  l.in  10  billion. 

The  design  for  the  test  targets  will  incorporate  the  possibility  of  telescopic 
viewing.  Ground  targets  will  be  shielded  to  preclude  telescopic  viewing. 
Airborne  test  targets  will  be  designed  to  be  diffuse  or  curved  scatterers. 

For  a  typical  missile  size  target  viewed  with  a  6  inch  telescope  the  safe 
range  is  still  well  below  one  kilometer. 

5,0  Safety  Zones 

In  keeping  with  the  above  analyses,  a  1  km  keep-out  zone  (Figure  E-1)  will  be 
established  around  the  facility.  No  personnel  will  be  allowed  in  this  zone 
during  laser  operations. 

A  3  km  controlled  access  zone  will  be  established  primarily  to  serve  as  a 
security  buffer  around  the  1  km  keep-out  zone.  A  3  km  aerial  buffer  will  also 
be  established  as  shown  in  Figure  E-2.  Any  aircraft  or  bird  entering  this 
airspace  will  result  in  a  shutdown  of  the  laser  beam. 

All  analyses  indicate  that  the  GBFEL-TIE  can  be  operated  in  a  manner  that  will 
not  present  any  eye  safety  hazards  to  the  general  population  or  the  operating 
personnel.  The  following  points  summarize  the  safety  analysis  for  the 
GBFEL-TIE: 

1.  Hazard  zone  -  1  km 
Controlled  access  zone  -  3  km 
Aerial  buffer  zone  -  3  km 

2.  The  test  targets  and  procedures  will  be  designed  to 
preclude  a  safety  hazard  beyond  the  designated 
safety  zones . 

3.  Outside  the  1  km  zone  there  is  no  eye  safety 
hazard. 


Figure  E-1  Illustration  of  Safety  Zones 


Figure  E-2  Illustration  of  Safety  Zones  -  Aerial  Buffer 
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APPENDIX  H 

RFI  STUDY 


RFI  S  tudy 

1.  Introduction  and  Summary  of  Results 

1.1  Results 

Given  the  currently  available  information  it  does  not  appear  that  the 
operation  of  the  GBFEL  TIE  equipment  will  result  in  any  increase  in  the 
local  background  RFI  noise.  The  need  to  shield  the  equipment  to  meet 
personnel  safety  requirements  for  ionizing  radiation  and  the  maximum 
allowable  rf  radiation  (USAS  C95, 1-1966)  result  in  more  RFI  shielding 
than  would  be  necessary  for  a  system  designed  to  suppress  RFI  for  more 
normal  environments,  i.e.  a  data  processing  complex. 

We  base  this  conclusion  on  two  important  assumptions, 

1)  the  RFI  shielding  is  properly  maintained  and 

2)  a  RF  leak  detection  monitoring  and  correction  system  is  included 
in  the  design  of  the  facility. 

1.2  Objective/Purpose 

The  question  answered  in  this  document  is: 

"What  is  the  potential  for  radio  frequency  interference  from  the 
operation  of  the  GBFEL  TIE  linear  accelerators  and  power  equipment"? 

If  RFI  is  produced  by  GBFEL  TIE  equipment,  it  could  disturb  local 
television  and  radio  receivers.  Since  the  GBFEL  TIE  will  be  located  on 
White  Sands  Missile  Range  (WSMR) ,  it  could  also  intfe-rfere  with  the  data 
gathering  equipment  of  other  government  programs. 

One  of  the  most  important  projects  within  the  potential  RFI  environment 
of  the  GBFEL  TIE  is  the  Very  Large  Array  (VLA)  radio  telescope.  In 
addition  to  the  VLA  the  Tracking  and  Data  Receiving  Satellite  (TDRS) 
near  the  candidate  North  of  NASA  site  may  is  sensitive  to  RFI.  Several 
projects  on  WSMR  may  be  affected  but  no  data  on  their  RFI  tolerances  is 
currently  available.  Therefore  the  effect  of  an  extreme  worst  case 
potential  GBFEL  TIE  RFI  against  the  requirements  set  by  the  VLA  and 
TDRS  is  used  in  the  analysis.  Enough  data  and  references  to  allow 
other  facilities  to  determine  the  potential  impact  of  RFI  from  the 
GBFEL  TIE  equipment  is  included  in  Section  3. 

1.3  Approach  to  the  Problem 

We  began  by  assuming  the  worst  case  noise  source  to  be  a  RF  level"  equal 
to  the  maximum  safety  limit  (100  w/square  meter),  {The  latest  safety 
standard  is  40  w/square  meter.  However,  since  this  standard  has  not 
yet  been  formally  accepted  by  the  Army,  the  previous  100  w/square  meter 
is  used  in  this  analysis)  which  would  be  the  worst  case  RFI  conditions 
at  the  GBFEL  TIE  facility.  Then  we  calculate  the  propagation  losses 
which  would  reduce  any  leakage  of  this  radiation  to  determine  if  the 


1 


level  of  interference  would  be  significant  at  the  VIA  facility,  or 
elsewhere.  We  assume  only  minimum  losses  from  each  possible  loss 
source.  For  example,  our  caluculation  ignores  the  losses  due  to  wave 
length  or  antenna  mismatch.  Our  calculation  of  the  losses  due  to 
diffraction  over  the  earth  used  only  the  single  highest  ridge  and  not 
all  those  in  the  path.  We  have  under  estimated  the  RFI  losses  and 
therefore  have  made  the  effect  of  any  GBFEL  TIE  generated  RFI  worst. 

We  have  included  simple  estimates  of  the  noise  produced  by  equipment 
similar  to  that  of  the  GBFEL  TIE,  and  all  available  information  on  the 
noise  produced  by  operating  accelerators.  From  this  past  experience, 
there  is  no  reason  to  expect  the  GBFEL-TIE  should  create  an  RFI 
problem. 

We  assume  the  facility  will  be  designed  and  operated  in  a  manner 
consistent  with  OSHA  and  Army  safety  and  proper  maintence  practice. 
Additionally,  we  assxjime  any  shielding  used  will  be  maintained  and 
tested  for  leakage  to  prevent  hazards  to  personnel.  Although  these 
levels  such  as  40  watts  per  square  meter  are  permitted  by  the  safety 
regulations,  these  levels  are  not  acceptable  to  the  GBFEL-TIE  design 
staff.  The  design  staff  will  try  to  minimize  all  energy  losses.  The 
amount  of  energy  required  to  exceed  this  safety  level  would  result  in  a 
drastic  loss  of  power  to  the  GBFEL  system.  If  even  half  the  allowed 
value  of  RF  energy  escapes  an  additional  80  kilowatts  of  power  would  be 
needed  to  operate  the  GBFEL. 

Potential  noise  sources  associated  with  construction  have  not  been 
addressed  in  this  document.  These  may  include  noise  generated  by 
improperly  shielded  ignition  systems,  arc  welding,  brush  arcing,  and 
other  noisy  electrical  equipment.  The  control  of  these  sources  must  be 
left  to  the  construction  contractor. 

2.  The  potential  RF  sources 

In  the  following  sections,  the  descriptions  of  the  varied  equipment 
which  are  potentially  part  of  the  GBFEL  TIE  are  presented  to  prepare 
for  the  discussion  of  the  potential  for  RFI  impact  from  the  GBFEL  TIE 
project. 

2.1  Accelerators 

There  are  two  types  of  accelerators,  RF  and  induction.  They  have 
similarities  in  their  power  supplies  but  are  different  in  the  methods 
they  use  to  accelerate  electrons.  Their  potential  for  interference  is 
also  different.  The  noise  sources  fall  into  three  categories;  those 
common  to  both  types  of  accelerators,  and  those  specific  to  one  or  the 
other  accelerator  t3rpe. 

The  common  components  are: 

1)  the  electrical  substation, 

2)  the  electrical  components  which  condition  the  power  grid  (static 
Voltage  Amperage  Reactance  (VAR)  compensators  ) , 
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3)  the  power  line  filters  which  prevent  frequencies  other  than  60  Hz 
from  entering  or  leaving  the  facility  power  lines, 

4)  the  step  down  transformers  to  adjust  the  line  voltage  to  that 
required  by  the  High  Voltage  Direct  Current  (HVDC)  power  supplies, 
the  designs  would  be  different  for  each  type  of  accelerator  but  would 
have  similar  RFI  problems, 

5)  pulse  forming  networks;  both  t3rpes  of  accelerator  have  them, 
although  each  is  different. 

The  components  peculiar  to  the  RF  accelerator  are: 

1)  the  pulse  frequency  controller, 

2)  the  RF  generators.  Klystrons  at  1.3  GHz  or  433  MHz, 

3)  wave  guides, 

4)  RF  accelerator  cavities 

The  components  peculiar  to  the  Induction  accelerator  are: 

1)  the  magnetic  pulse  compressors,  which  contain  transformers, 
blumleins,  and  trigger  networks. 

The  most  important  potential  sources  of  RFI  are  leakage  through  the 
line  filters  and  emissions  from  the  RF  generators,  the  klystrons. 

These  components  could  be  at  ground  level,  and  if  they  are,  they  would 
at  least  be  housed  in  metal  buildings  similar  to  the  Butler  Buildings 
used  for  warehouses .  The  commerically  available  structures  can  provide 
excellent  shielding.  Figure  2-1  shows  the  performance  of  a  equipment 
designed  to  reduce  RFI.  This  performance  is  typical  for  simple 
commerically  available  shielding. 

The  klystrons  provide  the  free -electron  laser  with  the  energy  to 
accelerate  the  electrons.  They  provide  the  most  intense  source  of 
radio  frequency  energy.  Small  RFI  leaks  in  their  shielding  or  the 
waveguides  connecting  them  to  the  accelerator  structures  can  produce 
unacceptable  and  unsafe  RF  levels.  The  impact  of  these  leaks  depends 
of  the  frequency  qf  the  klystrons.  If  these  are  outside  the  sensitive 
listening  bands  or  the  receiver  then  the  problem  will  be  minimal. 

Table  2.1  is  a  table  of  the  energy  distributions  out  of  the  main 
frequency  of  typical  klystrons.  The  energy  in  frequencies  other  than 
the  main  frequency  is  very  small.  Thus  any  RFI  from  the  klystrons  at 
frequencies  other  than  its  fundamental  will  be  at  very  greatly  reduced 
levels . 

Line  filters  are  a  common  component  of  ordinary  electrical  power 
systems.  They  are  often  used  on  high  voltage  DC  power  lines  to  reduce 
the  RFI  produced  by  the  electronics  used  to  convert  AC  to  DC  current 
and  back  to  AC.  It  is  important  to  prevent  leakage  from  the  line 
filter  into  the  rest  of  the  power  lines  because  the  noise  from  this  can 
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Attenuation/Shietding  Effectiveness— dB 


SUMMARY  OF  RADAR  HARMONIC  LEVELS  (DECIBELS  BELOW  FUNDAMENTAL) 


Harmonic 

Tube 

2 

3 

4 

5 

G 

7 

8 

0 

10 

Magnetron: 

Mean  . 

78. 1 

71.7 

77.1 

86.0 

87.2 

91.9 

99  3  , 

Hanj^e.  l»if»li/low.  .  .  . 

57/103 

45/100 

62/93 

67/114 

76/96 

81/96 

83/114  i 

Number  of  samples. . 

77 

59 

34 

23 

17 

7 

5 

Klystron: 

Mean . 

71.3 

78.2 

76.9 

73.9 

82.3 

87.2 

Range,  higli/low.  . .  . 

38/119 

57/105 

56/101 

59/111 

73/89 

72/97 

Number  of  eamplcs. . 

44 

27 

21 

8 

7 

4 

i 

Tetrode  and  triode: 

Alcan . 

83.2 

76.0 

99.6 

90.0 

96.7 

100.2 

106.2 

97.2 

100 

Range,  high/low. . .  . 

74/93 

72/81 

93/108 

79/98 

83/108 

93/112 

98/113 

93/100 

100/100 

Number  of  samples. . 

14 

13 

10 

11 

9 

9 

3 

4 

2 

TABLE  2-1 


be  carried  by  the  power  line  long  distances.  High  performance  line 
filters  are  available  from  many  sources  and  are  highly  effective. 
Commercial  devices  are  available  which  reduce  unwanted  noise  power  by 
100  db  for  frequencies  above  14  kHz, 

The  term  db  is  used  to  make  the  discussion  of  ratios  easier.  Db  is  an 
abbreviation  for  decibel.  A  decibel  is  equal  to  ten  times  the 
logarithm  of  the  ratio  of  the  power  to  one  watt.  Ten  db  is  equal  to  10 
watts.  If  we  reduce  power  by  100  db  this  equals  dividing  the  power 
value  by  10  billion. 

2.2  Gain  Generator 

The  wiggler  is  the  component  of  an  FEL  which  produces  the  laser  light. 
It  is  similar  for  both  types  of  accelerators,  but  will  be  longer  in  the 
case  of  the  Induction  device.  The  wiggler  would  not  produce  RF  noise 
unless  the  electron  beam  collides  with  the  beam  tube  walls.  The  small 
diameter  of  the  wiggler 's  beam  transport  tube  acts  as  a  RFI  filter 
because  it  appears  as  a  wave  guide  with  a  high  frequency  cutoff.  The 
inside  diameter  of  the  beam  transport  tube  in  the  wiggler  is  less  than 
.2  inches.  This  means  that  it  has  a  cut  off  frequency  of  34.6  GHz. 

For  frequencies  less  than  this  the  attenuation  will  be  greater  than  60 
db  per  inch  of  length.  All  wiggler  designs  are  hundreds  of  inches 
long. 

It  is  reasonable  to  conclude  that  no  RF  energy  will  leave  the  wiggler 
section  and  therefore  none  will  remain  in  the  optical  beam  as  it 
traverses  the  remainder  of  its  path  to  the  atmosphere. 

2 . 3  Beam  Dump 

Once  the  electrons  have  left  the  wiggler  they  are  removed  from  the 
optical  beam  path  and  are  captured  in  the  electron  beam  dump.  This 
component  has  been  questioned  as  one  potential  source  of  RF  radiation, 
because  the  electrons  are  decelerated  and  therefore  could  generate  RF 
through  bremsstrahlung  radiation. 

The  electrons  which  enter  the  beam  dump  have  a  narrow  velocity 
distribution  and  lose  most  of  their  energy  on  their  first  collision. 
Most  beam  dumps  trap  the  electrons  in  a  block  of  carbon  which  has 
altiminum  plates  on  both  sides.  This  entire  structure  is  contained  in  a 
steel  tank  to  reduce  the  radiation  produced  by  any  activated  species. 
The  tank  is  a  sealed  structure  with  water  circulation  between  the 
layers  of  aluminum.  The  front  of  the  tank  is  sealed  from  the 
accelerator  vacuum  by  a  beryllium  widow.  Therefore  the  probability  of 
any  particles  or  energy  escaping  from  the  beam  dump  is,  by  design,  very 
small . 

Our  calculations  indicate  that  this  steel  vessel  has  greater  than  120 
db  RFI  suppression.  As  discussed  later  in  this  document,  RFI 
measurements  made  on  other  accelerators,  which  have  less  robust  beam 
dumps,  show  no  sign  of  RFI  leakage. 

2.4  RFI  Measurements  from  Three  Accelerators 
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The  data  available  about  RFI  associated  with  accelerator  or  laser 
facilities  is  presented  here.  We  have  included  this  information  not  as 
proof  that  the  GBFEL  TIE  facility  will  be  a  low  noise  source,  but  as  an 
example  of  what  has  been  accomplished.  The  low  noise  level  of  current 
systems  has  been  accomplished  through  normal  accelerator  and  laser 
design,  not  with  efforts  to  suppress  RFI. 

2.4.1  Stanford  Linear  Accelerator  Data 

There  is  no  quantitative  data  from  SLAG  but  we  discussed  some  of  their 
RFI  experience  with  Dr  Roger  McConnell,  formerly  the  SLAG  engineer 
responsible  for  the  design  of  their  RF  power  system  and  now  an  expert 
consultant  in  the  area  of  systems  design  to  suppress  RFI.  Dr. 

McConnell  has  experience  with  the  SLAG  50  MHz,  300  kv,  20  kw,  RF 
accelerator  cavities.  After  building  the  first  one  of  this  type  for 
the  SLAG  facility  he  performed  an  informal  test  for  RFI.  A  deep  space 
radio  telescope  with  a  90  foot  diameter  parabolic  antenna  is  located 
3/4  of  a  mile  from  the  location  where  the  RF  cavity  was  in  test.  The 
power  into  the  RF  cavity  was  modulated  with  a  400  Hz  signal.  When  the 
telescope  pointed  at  the  cavity,  the  telescope  failed  to  detect  any  RF 
signal  from  the  accelerator  cavity.  No  special  RFI  shielding  was  used 
beyond  that  provided  by  the  accelerator  structure. 

We  can  only  conclude  that  the  individual  RF  power  supplies  and  their 
accelerator  components  can  be  electomagnetically  quiet. 

2.4.2  Livermore  Data 

Recent  measurements  made  atfiLivermore  on  their  Advanced  Test 
Accelerator  indicate  that  the  peak  electric  field  is  nearly  constant  ( 
slowly  decreasing  with  frequency)  at  .05  V/m/MHz  from  20  to  100  MHz. 
These  measurements  were  made  outside  the  radiation  shield. 

The  ATA  is  not  designed  to  provide  a  low  noise  RFI  environment  and  has 
no  special  RF  shielding.  Further,  the  current  at  which  the  ATA 
operates  is  approximately  three  times  that  planned  for  the  GBFEL, 
although  the  power  and  beam  energy  are  greater  for  the  GBFEL.  The 
particular  design  of  the  ATA  uses  spark  gap  driven  switches  to  fire  the 
magnetic  compressors.  The  design  proposed  for  the  GBFEL  TIE  will  not 
use  spark  gaps  but  much  quieter  magnetic  switches. 

2.4.3  VIA  measurements  of  the  Los  Alamos 

VLB  Array  memo  No.  401  by  J.  Oty  documents  data  taken  at  the  G1 inton  P 
Anderson  Meson  Facility  located  at  Los  Alamos.  Frequencies  from  50  MHz 
to  11.2  GHz  were  searched  for  noise  from  the  accelerator.  The 
equipment  was  able  to  measure  signals  down  to  a  few  femtowatts  per 
square  meter  (one  millionth  of  one  billionth  of  a  watt) .  These 
measurements  were  made  within  a  kilometer  of  the  accelerator.  No  RFI 
noise  was  detected. 

3.0  Attenuation  of  RF  Energy  Over  a  Propagation  Path 
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The  energy  from  an  electromagnetic  source  can  reach  a  receiver  in  three 
ways.  First,  a  free  space  wave  travels  directly  from  the  source  to  the 
receiver,  A  second  is  the  energy  can  be  reflected  from  the  source  to 
the  receiver.  The  third  is  the  ground  wave  which  follows  the  surface  of 
the  earth. 

Figure  3.1  show  how  each  of  the  different  ways  are  related  to  the 
visible  horizon. 

3.1  Line-of-Site  Propagation  -  Radar  Horizon 

The  free  space  wave  can  reach  the  receiver  only  along  the  direct  line- 
of -sight  from  the  source.  Therefore  the  receiver  must  be  above  the 
"radar  horizon”  or  the  point  at  which  the  radar  energy  directly  from 
the  source  touches  the  curved  surface  of  the  earth.  Due  to  atmospheric 
refraction  the  radar  horizon  is  beyond  the  optical  horizon  or 

d  «  2*h*a*k 

where  d  is  the  distance  in  meters 

h  is  the  height  of  the  source  (10  m) 

a  is  the  radius  of  the  earth  (  6373  km) 

k  is  the  effective-earth's -radius  factor  (4/3). 

Using  the  parenthetic  values  for  the  GBFEL-TIE  the  distance  to  the 
radar  horizon  is  about  13  km.  Any  RF  sources  from  the  GBFEL-TIE  will 
therefore  radiate  directly  into  neighboring  receivers  only  at 
facilities  within  13  km  of  the  site.  A  more  detailed  analysis  of  the 
interference  under  these  conditions  is  discussed  in  Section  4, 

3.2  Reflected  Propagation  -  Ionospheric  and  Tropospheric  Effects 

The  ionosphere  is  that  region  of  the  atmosphere  surrounding  the  earth 
that  is  ionized.  During  the  day  the  ionized  layers  exist  between  about 
90  and  1000  km  above  the  earth's  surface.  The  ionization  layers 
between  200  and  400  km  will  reflect  radio  waves  in  the  frequency  range 
up  to  40  MHz.  The  free  space  attenuation  for  these  large  distances 
will  result  in  little  or  no  noise  from  the  GBFEL-TIE  being  received  via 
reflection  from  the  ionosphere.  For  a  reflective  layer  200  km  high  the 
free  space  loss  is  over  120  db  (see  equation  in  following  section) . 

Tropospheric  scattering  results  from  the  small  random  irregularities  or 
fluctuations  in  the  index  of  refraction  of  the  atmosphere.  These 
fluctuations  will  scatter  energy  in  the  frequency  range  of  200  MHz  up 
to  10  GHz.  The  transmission  losses  for  this  type  of  propagation  are 
very  high.  The  path  loss  that  is  in  addition  to  the  normal  free  space 
loss  is: 

7.2  X  1032  koV3  Th  Cn^ 

^  '  . ^11/3 . 

is  the  free  space  wave  number 
is  the  half  power  beam  width 

is  the  structure  constant  for  the  index  of  refraction 
fluctuations 

is  the  transmission  distance. 


where  k^ 

Th 

Cn 
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TRANSMITTER 


A  -  ReceiVING  ANTENNA  IN  PI^NE  EARTH  OPTICAL  REGION 
B  -  RECEIVING  ANTENNA  IN  CURVED  EARTH  OPTICAI.  REGION 

^  “  "eceiving  antenna  on  radio  horizon  (muuti-mooe  region) 

D  -  RECEIVING  ANTENNA  IN  DIFFRACTION  REGION 

aul  calcouations  appuv  if  transmitting  and  receiving 
antennas  are  interchanged 


LINE-OF-SIGHT 


Rgure  3-1  Diagram  of  Propagation  Regions 


For  3  GHz  frequency  this  loss  is  over  105  db. 

3 . 3  Surface  Waves  -  Propagation  by  Diffraction 

When  antennas  are  located  on  or  close  to  the  ground  propagation  of  the 
surface  wave  is  the  primary  received  energy  in  the  frequency  range  from 
a  few  kilohertz  up  to  several  megahertz.  In  addition  to  the  free  space 
loss  there  are  transmission  losses  due  to  diffraction  from  a  spherical 
Earth  surface  and  an  irregular  terrain  which  will  include  different 
kinds  of  obstacles. 


3.4  RFI  Attenuation  Calculations 

The  following  paragraphs  will  illustrate  the  methods  used  to  calculate 
losses  for  the  free  space,  spherical .Earth,  and  obstacles. 

Free  Space  Attenuation  The  power  generated  by  a  RF  source  will 
decrease  with  distance  from  the  source  due  to  the  divergence  of  the 
electromagnetic  radiation.  The  power  density  at  a  distance  R  meters 
from  a  radar  that  radiates  a  power  of  watts  is: 

Pr  “  Pt 

4  (PI)  r2 

Diffraction  Over  a  Spherical  Earth  For  determining  diffraction 
attenuation  relative  to  free  space  beyond  the  horizon,  an  approximate 
formula  may  be  used  over  a  smooth  Earth  {reference  CCIR  report  715) 

20  log  E  «  F(d)  +  G(hi)  +  G  (h2)  dB 
Eo 

where 

E:  the  received  field- strength 

Eq:  the  field-strength  in  free  space  at  the  same  distance 

d:  the  distance  between  the  extremities  of  the  path 

hi  6e  h2:  the  heights  of  the  source  and  receiver  above  the 
spherical  Earth 

The  functions  F,  (influence  of  the  distance)  and  G,  (height-gain)  are 
given  by  the  nomogram  in  Figure  3-2. 

Diffraction  Over  an  Obstacle  For  the  terrain  in  the  White  Sands  area  a 
geometry  such  as  illustrated  in  Figure  3-3  can  be  used.  With  this 
terrain  the  geometrical  parameters  are  lumped  together  in  a  single 
dimensionless  parameter  v  {reference  CCIR  report  715): 

v  =  A 

where 

h  is  the  height  of  the  top  of  the  obstacle  above  the 

straight  line  joining  the  two  ends  of  the  path. 

&  d2  are  the  distances  of  the  two  ends  of  the  path  from  the 
obstacle. 
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For  V  more  positive  than  -1  an  approximate  value  can  be  obtained  from 
the  expression: 

Figures  3-4  through  3-6  show  a  cross  section  of  the  ground  elevation 
between  each  GBFEL  site  and  the  VLA.  These  were  used  to  estimate  the 
RFI  attenuation  due  to  the  difraction  over  an  obstacle.  Only  the 
single  highest  point  in  each  path  was  used  to  determine  the  loss  for 
that  path. 

4.0  Potential  for  Conflicts 

The  methodology  discussed  in  Section  3  was  utilized  to  analyze  the 
interference  of  the  GBFEL- TIE.  As  a  point  of  reference,  it  was  assumed 
that  the  GBFEL-TIE  would  have  the  maximum  radio  frequency  energy  for 
personal  operation,  100  watts/square  meter,  or  20  dbw/m^.  It  is 
important  to  realize  that  this  level  is  at  least  ten  times  greater  than 
would  be  tolerated  by  the  GBFEL  TIE  operators .  A  detailed  assessment 
of  the  possible  interference  with  the  surrounding  cities,  the  Very 
Large  Array  (VLA)  Radio  Astronomy  Observatory,  and  the  NASA  TDRS 
facility  were  performed  and  are  discussed  in  the  following  subsections. 

4.1  Conflict  with  Surrounding  Cities 

High  performance  receivers  utilized  in  some  cities  are  sensitive  to 
only  micro-volts  per  meters,  therefore  they  require  a  noise  level  of  no 
greater  than  -110  dbW/ra2  in  populated  areas  to  preclude  interference 
{Pan  American  Special  Investigation  Report  508,  and  A  GRC  review  of 
high  performance  FM  rercievers).  Table  4-1  illustrates  attenuation 
that  can  be  expected  for  energy  in  the  frequency  range  of  1  to  1000  MHz 
when  the  GBFEL-TIE  is  located  at  the  candidate  site  closest  to  the 
city.  This  frequency  range  covers  all  the  radio  and  television 
transmission  frequencies.  For  the  most  stressing  case  (1  MHz  from  the 
Orogrande  site  at  Orogrande) ,  the  resulting  noise  level  is  less  than  - 
175  dBw/m2.  This  is  65  dbw/m2  below  what  a  sensitive  receiver  can 
detect . 

4.2  Conflict  with  the  VLA 

The  Very  Large  Array  (VLA)  radio  telescope  is  extremely  sensitive  to 
very  low  levels  of  interfering  signals.  The  telescope  array  has 
receiver  bands  from  73  MHz  to  92  GHz.  The  most  stringent  interference 
requirements  are  at  the  low  frequency  bands.  The  VLA  must  have  noise 
levels  below  -188  dbw/m2  at  73  MHz  to  avoid  interfering  with  the  radio 
observations . 

Table  4-2  contains  a  chart  of  the  attenuation  of  50  MHz  noise  if  the 
site  were  located  at  North  of  Nasa,  Orogrande,  or  Stallion.  The 
attenuation  factors  included  were  shielding,  propagation  losses,  and 
the  antenna  sidelobe  loss  {The  Very  Large  Array:  Design  and  Performance 
of  a  Modern  Synthesis  Radio  Telescope,  IEEE  VOL.  71, NO. 11, Nov  1983). 

As  illustrated,  the  closest  and  most  stressing  case  is  at  Stallion,  and 
the  expected  noise  level  is  approximately  -276  dbw/m2.  Again,  this  is 
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TABLE  4-1 


NORTH  OF  NASA  TO  LAS  CRUCES 

AHENUATiON  DUE  TO: 

1  MHz 

100  MHz 

1000  MHz 

SHIELDING 

120 

120 

120 

FREE  SPACE  LOSSES 

90 

90 

90 

DIFFRACTION  LOSSES 

0 

5 

27 

TOTAL 

210 

215 

237 

STALLION  TO  SOCORRO 

1  MHz 

100  MHz 

1000  MHz 

ATTENUATION  DUE  TO: 

SHIELDING 

120 

120 

120 

FREE  SPACE  LOSSES 

90 

90 

90 

DIFFRACTION  LOSSES 

0 

0 

17 

TOTAL 

210 

210 

227 

OROGRANDE  TO  OROGRANOE 

1  MHz 

100  MHz 

1000  MHz 

AHENUATION  DUE  TO: 

SHIELDING 

120 

120 

120 

FREE  SPACE  LOSSES 

75 

75 

75 

DIFFRACTION  LOSSES 

0 

0 

0 

TOTAL 

195 

195 

195 

OROGRANDE  TO  AUMAGOROO 

1  MHz 

100  MHz 

1000  MHz 

AHENUATION  DUE  TO: 

SHIELDING 

120 

120 

120 

FREE  SPACE  LOSSES 

95 

95 

95 

DIFFRACTION  LOSSES 

0 

12 

38 

TOTAL 

215 

227 

253 
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VU  AT  50  MHz 


LOSS 

NORTH  OF  NASA 

OROGRANDE 

STAUJON 

_ ^ . . _ 

SHIELDED  ROOM 

120 

120 

120 

OBSTACLES 

21 

16 

21 

SPHERICAL  EARTH 

42 

62 

17 

FREE  SPACE 

116 

118 

110 

SIDE  LOBES 

28 

28 

28 

TOTALS 

327 

j 

344 

296 

TABl£  4-2 
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significantly  below  the  noise  level  that  would  interfere  with  the  radio 
telescope  observations.  Figure  4-1  contains  a  plot  of  the  attenuation 
of  noise  from  the  Stallion  site  as  a  function  of  frequency  across  the 
sensitive  frequency  range.  The  50  MHz  case  is  the  more  stressing  case, 
yet  is  still  below  the  required  noise  level. 

4.3  Conflicts  with  the  NASA  TORS  facility 

Table  4-3  was  taken  from  data  in  a  TRW  report  to  NASA  on  the  potential 
inter ferance  from  the  GBFEL  TIE.  The  table  shows  the  expected  path 
loss  and  the  amount  of  additional  RFI  suppression  required  to  eliminate 
any  interference.  If  we  add  the  additional  RFI  attenuation  due  to 
shielding  (  120  dB) ,  the  GBFEL  is  at  least  5  dB  below  the  maximum 
limit.  If  we  include  the  frequency  of  the  TDRS  recievers,  we  should 
derive  added  protection  because  the  GBFEL  TIE  would  produce  less  energy 
at  the  higher  frequencies  where  the  TDRS  equipment  operates. 
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